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Abstract 
Sea containers are used globally for shipping and have been for over 60 years, there are 
millions of them worldwide sitting unused in ports, recently individuals and businesses are 
realising the potential of this and using them to construct permanent buildings faster and 
cheaper than traditional buildings. Neàpolis, an innovation agency situated in Vilanova i la 
Geltrú identified the potential of sea container for a new business property.  
The present report details the project “Sea Container Building” during the European Project 
Semester 2017, completed by six international students at Escola Politècnica Superior 
d’Enginyeria de Villanova i la Geltrú (EPSEVG) in cooperation with Neàpolis  
Neàpolis encountered a problem due to a lack of space to expand their business so they 
announced the above-mentioned project. The task given to the team was to design, analyse 
and plan a new multipurpose building using sea containers as the primary building material 
which should be constructed on the site next to the main Neàpolis headquarters.  
First of all, general information about sea containers and existing sea container buildings was 
researched.  
Secondly the requirements set by Neàpolis were written down. The new construction must 
consist of a cowork office space, a maker space, a bar/café and an exhibition hall offering 
space for at least 30 people altogether.  
Thirdly the building site is examined and the urban regulations are analysed. At present the 
plot is qualified as a Green Zone, thus it is not allowed to build. However solutions to change 
this circumstance exist and should not limit the project.    
Followed by various research about the climate and eco aspects which led to several exterior 
design concepts which were then refined into a final design and agreed upon by all 
stakeholders.  
Based on the design and the plot characteristics a foundation type was chosen and the sewage 
piping was planned.  
At the same time as the exterior finishing the interior layout started in close relation with each 
other. Floor plans and electrical plans are created. Furniture is chosen and the interior layout is 
completed.  
Furthermore the construction process is planned to estimate the construction time and 
compare it to a classic concrete building.  
Over the whole planning the costs are monitored and calculated with estimated and 
researched numbers for each element to give as precise a total cost estimation as possible and 
to also compare it to classic concrete buildings like the construction time.  
A conclusion and an outlook (list of next steps) are completing this report. 
Key words: 
Construction Process, Cowork, Design, Innovation, Maker Space, Multipurpose, Neàpolis, Office,  
Sea Container 
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1 Introduction 
The present project report is the technical documentation of the “Sea Container Building” project. 
The project is a cooperation between the Escola Politècnica Superior d’Enginyeria de Vilanova i la 
Geltrú (EPSEVG) as a part of the Universitat Politècnica de Catalunya (UPC) represented by an 
international team of 6 students taking part in the European Project Semester 2017 (EPS) and the 
local company Neàpolis.  
1.1 About the company “Neàpolis” 
Neàpolis is a public innovation agency promoting different kinds of new technology fields. As a 
technology and business innovation park, Neàpolis provides working space for established 
technological companies but also for new small companies such as start-ups and entrepreneurs.  
Also several other fields can be found under the roof of Neàpolis like the researching-cooperation 
with the UPC, a maker space1, an environment for training & further education of professionals and 
companies, as well as different kinds of media premises like the Catalonia film school, two big 
theatre rooms, a TV studio and more. Thus Neàpolis is a meeting point and business hub for people 
and companies involved in the ICT2 and media sectors. 
The aim of the company is to support local innovation and competitiveness through regional, 
national and international cooperation. It focuses on small and medium-sized business linked to 
public funding and research programmes. Moreover, its aim is to position Vilanova i la Geltrú as a 
prime location for creativity and innovation and hence attract companies and technological talent to 
the region. To achieve this Neàpolis using links and synergies between the academic and business 
worlds, as found in the project cooperation.  
 
Figure 1: Neàpolis headquarters [1] 
                                                          
1 Maker space: makersapce or fabrication labratory is a small workshop allowing (private) people to access 
(digital) production or fabrication (e.g. 3D-Printers)   
2 ICT: information and communications technology  
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1.2 Problem Statement and Brief 
As it is well known the technology sector is growing – likewise Neàpolis has to expand physically. At 
the moment (start of the project) there are two existing coworks in the Neàpolis building itself and 
some more spread throughout the town. The main problem is that the existing spaces won’t be 
sufficient for the future. Another aspect is that the spreading of the coworks is not very popular by 
the companies; they would like to be in or at least next to Neàpolis to profit more from the network. 
Consequently there is a big need of more working and technology related space in the town 
especially in the near surrounding of Neàpolis.  
For this reason Neàpolis is cooperating with the UPC and announced the on hand project which the 
international student team will carry out  
1.3 Project Goal and Objectives 
The main task of the project is to design, plan & analyse an attractive multifunctional building using 
(primarily) Sea Containers. The design includes alongside the exterior look of the architecture, a 
proposal for the green space around and furthermore the interior arrangement of the rooms. 
Respecting the appearance of the town Vilanova i la Geltrú the construction has to fit in the 
neighbourhood and surroundings next to the already existing Neàpolis building on La Rambla 
Exposició, 59-69.  
The newly designed building must contain cowork spaces, a maker space for adults as well as for kids, 
a small bar/cafeteria offering drinks and small snacks and common spaces (indoor and outdoor) for 
meetings, exhibitions and demonstrations for at least 30 people. Another main aspect is the 
modularity – the possibility to expand the space if more and different needs will appear. As an option 
the construction could contain in the second stage a music area for musicians to practice and record.  
Considering the mentioned facilities the project will satisfies the need of more working spaces for 
start-up companies, entrepreneurs and established technology companies in the region.  
To finish the project the exterior and interior design, a material research and structural analysis, the 
planning of the construction process and a cost estimation has to be made by the project team 
within a period of 20 weeks – February 2017 to June 2017.   
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1.4 Structure of the Report 
This report is structured in a logical sequential order to ease the audience to understand what the 
project involves.  
To introduce the project to the audience, the background of Neàpolis and explanations about the 
reasons why this project is required to be carried out and with what could be expected in the final 
result are mentioned.  
The sea container is then also being introduced with its general information such as the original 
purpose of it and how it is made.  
Next, the report continues with informing the result from the survey on people’s opinions about 
home containers and showing what could potentially be built with sea containers with examples of 
existing sea container buildings around the world.  
As everything in the introductory sections seems to be cleared, the main requirements for the 
project that have to be met and facilities needed by Neàpolis in the sea container building are listed 
and described.  
After that, all of the researches about building plot, urban laws and geographical factors that could 
affect the exterior design as well as the implementation of renewable energies in the project are 
explained.  
Then, the exterior designs from the first concept to the final agreed design, are shown in the 
following section.  
The structure of the report continues with the structural analysis to show the possibility to construct 
the sea container building by referring to the project’s final exterior design, followed by the research 
on the suitable foundation and how to connect the sea container building to the sewage system in 
Vilanova. 
Next, the interior design is brought into the report’s structure. All things related to the interior of the 
sea container building, for instance regulations, facilities, building features, insulations, surface 
finishing and placement of furniture, are included in this Interior Design section. Since this section 
appears to be the longest section in this report with details and explanations, most of the statements 
and parts will be supported by researches and documents provided in the appendices.  
The report continues again with the carefully explanation of the sequential order of potential 
construction process and is followed by the cost analysis to estimate the overall cost for the project. 
It is also worth mentioning that in this cost analysis section a cost comparison between conventional 
building construction and sea containers as if they were used for this project is made.  
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A conclusion and the project outlook are made in the following section after the cost analysis. The 
report ends with bibliography and appendices to support all of the statements that had been written 
in the report. 
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2 General Information about Sea Containers  
2.1 Sea Container  
Sea containers or shipping containers as they are sometimes called are essentially large steel boxes 
used for transporting goods on cargo ships across the world. These containers have been rapidly 
mass produced over the last 50 years as the world has become more reliant on goods and services 
from other countries and continents.  
Containers are manufactured to many different specifications ranging from 8ft up to 53ft in length 
with the most commonly used lengths being 20ft and 40ft, as these containers are designed to be 
shipped around the world multiple times they are made to be strong, durable and weather resistant.  
 
Figure 2: Sea Containers on a cargo ship (left) [2] and various container sizes (right) [3] 
However, with air transport becoming more common and the recent economic crash there is a large 
number of containers which have been left abandoned at ports as the rapidly growing supply has 
exceeded the demand. In 2016 the number of idle cargo ships increased from 238 vessels with a 
combined capacity of about 900,000 TEU3 in 2015 to 435 ships, amassing a total of 1.7 million TEU. 
[4]   
                                                          
3 TEU – Total Equivalent Units, Number of equivalent 20 foot containers, for example one 40 foot container = 2 
TEUs. This was used as transport companies rarely show their actual fleet size and usually only the TEU is 
published. 
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2.2 Corten Steel – the material sea containers are made of 
A sea container is made of Corten steel. This type of steel is referred to as weathering steel [5], an 
atmospheric corrosion-resistant steel, which is also used in bridges, chimneys, towers, and even 
outdoor sculptures. As expected from a steel, unpainted Corten steel also would rust under the 
influence of the weather the same way as ordinary steel, but it has the ability to slow down the 
corrosion effectively [5]. The alloying element in the Corten steel will react when rust is present by 
forming a protective surface layer of fine-textured rust [6]. This layer is responsible for suppressing 
the corrosion rate of the weather on the surface of the Corten steel. Therefore, this could save 
money for the maintenance costs like rust-prevention and indirectly, eliminate the need for painting 
[7]. However, painting the Corten steel is always a good precaution step to prevent it from oxidising.   
When a sea container is manufactured, it comes with 2 lines of defence against corrosion [5]. The 
first line is the coating of marine grade paint applied to it. Once the paint wears off due to harsh 
conditions in the sea, the second layer of defence will take place, which is the properties of the 
Corten steel itself. 
Below are the primary features of Corten steel [6]:  
• High weather resistance – Corten steel weather resistance is 4-8 times better than ordinary 
steel 
• Paint durability – Prolongs the service life of the paint 
• Weldability – Can be welded manually, by gas-shield or submerged arc welding 
• Workability – Can be cut using the gas cutting method 
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2.3 Manufacturing Sea Container  
As mentioned previously sea containers are a mass-produced product. Almost all shipping containers 
are manufactured in China, which makes sense since China has some of the largest ports and highest 
exports in the world, in fact 98% of shipping containers are made there. [8]. The manufacturing 
process for sea containers is highly developed but very simple. Firstly, the wall panels of the 
containers are manufactured from large steel sheets which are cut down, corrugated and then 
welded together. Next the container floor is manufactured from I-beams as shown in Figure 3 below 
(left) with smaller beams being welded horizontally between two larger I beams. Following this, the 
doors and corner posts are manufactured and then welded with the walls and floor to form an open 
top box. Afterwards the roof is lowered onto the top of the open box and welded together 
completing the shell of the container. Next the container is painted and primed and the wooden 
floor is placed down (Figure 3 right). Finally, the container is decorated with logos and ID numbers 
before being waterproofed, tested and then put into use. [9]  
 
Figure 3: Floor structure of containers (left) and wooden container floor (right) [9] 
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2.4 Dimensions of a 20ft HC Container 
Sea containers come in numerous sizes with the most commonly used for construction being the 
“high cube” (HC) variants as they have an increased height of 2896mm exterior height which makes 
them more suited to carry diverse types of cargo but also makes them a better base for a building as 
a regular container building could feel cramped on the inside due to the low ceiling. The following 
images (Figure 4, Figure 5 & Figure 6) illustrate the dimensions of a 20ft HC Container.  
 
Figure 4: 20ft HC Container isometric view (left) and front view (right) [10] 
 
Figure 5: 20ft HC Container side view [10] 
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Figure 6: 20ft HC Container top view [10] 
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2.5 Repurposing Sea Containers 
Due to the excessive number of containers lying dormant they are being repurposed above and 
beyond their original use, with examples of homes, schools and offices constructed with sea 
containers springing up around the world. Containers are often used as temporary space at 
construction sites but their recent availability has led to them being used to construct permanent 
buildings such as the Container City in London.  
The main advantages of using shipping containers, as a primary building material is the time saved 
during construction by having a solid frame already in place as it can be reduced by up to half. [11] 
The modularity and expandability of a design made from containers is also highly attractive to 
growing businesses as they have the option of additional expansion, adding more containers to an 
existing design is usually not an issue. Another advantage is the cost and environmental benefits as 
purchasing used shipping containers and then reusing them is a highly eco-friendly and economical 
method of construction if it is done properly. They can be purchased worldwide and transported on 
the back of a truck making them easy to get to most building sites. 
 
Figure 7: Container City in London [11] 
Of course, sea containers also possess disadvantages. Many considerations must be made when 
building with containers; the condition of a used container is a major concern as they can be used for 
approximately a decade before general wear and tear renders it useless for construction sets in. A 
crane will be needed to place the containers and they will need to be modified to create a workable 
area due to the limited shape of a container. Therefore, as the containers are modified 
reinforcements will have to be added incurring additional costs over the container itself. Local 
regulations may be another obstacle and insulating a large steel box is usually a challenge, as well as 
there are the harmful pesticides used to prolong the life of a containers floor while it is in use. From 
this list of disadvantages some may be put off from construction but if proper considerations are 
made the finished product can be exceptional. 
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3 Research 
3.1 What people think about sea container buildings 
The opinion of people about sea container is an important aspect for this project. A survey was 
conducted in the form of a poll asked the question ‘’Would you ever live in one of those houses 
made of shipping containers?’’   
The poll was created in January 2015 and has been answered by 709 people, which makes the results 
reliable. To summarize the outcome, 61,5% would like to life in a sea container building, while 25,1% 
will not life in a sea container. The rest, 13,4% has no idea what a sea container building is.  
 
Figure 8: Survey results [12] 
To find out the reasons behind the outcome of the poll, an e-mail has been sent to the responders of 
the poll to ask for their reasons behind their answer. A top five has been made from the many 
different answers given by the respondents. The top five will be listed in the next paragraph.  
The price is the most given answer of the respondents to life in a sea container house. Many small 
sea container buildings costs less than 50.000$ which makes it very attractive for people with low 
income. However, there are several sea container buildings which are more expensive, it mainly 
depends on the personal preferences and the budget but the option to build a sea container building 
for a low amount of money is possible. 
The second most common answer was the ecological aspect of a sea container building. Take into 
account the eco aspect is a trend which becomes more popular because of the climate changes. The 
sea containers used for the constructions are being recycled in almost all of the cases which means 
3500-kilogram steel will be re-used per container. Using the recycled containers also conclude that 
bricks and other building materials are used less.   
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The third reason why people would live in a sea container building is the speed of construction. 
Because the roof, the walls and the flooring are already done, this will save a lot of time. In the US 
they managed to build an office, made out of 73 containers within 8 days.  
The number four most chosen reason to life in a sea container building is the outside appearance.  
Sea containers buildings have an unique and different look compared to buildings made from stone 
and other materials. Also, the sea containers are easy to modify so there is a large number of 
possibilities to design the building.   
The fifth reason to life in a sea container building according to the respondents, are the off-grid 
capabilities, which means it is possible to live in a home which is self-reliant and self-sufficient no 
need to connect to the main electricity network. With solar panels the container can get enough 
power to heat the water and have electricity. [12] 
3.2 Existing Container Buildings 
A research on the state of the art shows that there are a lot of possibilities when it comes to building 
with sea containers. With sea containers, the construction can be modular, which leads into 
flexibility. The designs and uses of sea containers for construction are vast; from personal 
accommodation to temporary shops there is not much that cannot be done.  
A couple of examples where containers have been used; student accommodation, a cafe, office 
buildings, kids play ground, a warehouse, a school, shops, bars and many unique modern homes. 
A brief look at some sea containers buildings: 
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Figure 9: School/Classroom out of sea containers  
[13] 
This sea container classroom is an example of the 
adaptability, durability and low cost of sea 
containers. The sea container construction is as 
classroom with space for a garden that will 
supplement school meals. Classrooms like this are 
very common in the poorer countries because of 
the low cost and the functionality of sea 
containers. [13] 
 
Figure 10: Office building out of sea containers [14] 
Space constraints are a common problem in many 
countries. Sea containers have been effectively 
used to tackle this problem by architecturally 
modifying them as convenient and spacious office 
buildings. This building is in Japan, where space is 
a very big constrains. In 2012 an architecture 
company had trouble finding an office block so 
they built their own made from sea containers. 
[14]  
 
 
Figure 11: Sea container home [15] 
Casa Incubo is an example of a sea container 
home which was built in Costa Rica. The home 
was built using eight 40-foot-high cube containers 
and using containers helped reduce the 
construction time by around 20%. [15] 
 
 
Figure 12: Sea container home 2  [15] 
The beach box is built in the Hamptons, one of 
New York’s most expensive areas. The home was 
built by Andrew Anderson using shipping 
containers. The structure of the sea containers is 
covered at the walls, but is still noticeable at the 
ceilig. [15] 
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4 Requirements and Sections of the building   
4.1 Requirements List  
 It is widely common that projects need to fulfil several requirements given by the customer. To meet 
the customers expectations it is helpful to create a requirements list (shown in Table 1: 
Requirements list 
) in which all the important specifications are precisely written down and in a short form thus 
everybody who is working on the project is able to understand and access them.  
The requirements list in this specific case is clustered into the following five major points: 
1. General  
2. Size & Space 
3. ECO Aspects 
4. Design 
5. Costs 
Every main point is subcategorized in the specific requirements which are shortly described, divided 
in mandatory (M) or desirable (d) and added with a small comment. IDs are used to precisely assign 
them in the project process to the specific objects. The requirements list was created in close 
cooperation with the customer Neàpolis (represented by Félix Ruiz Gorrindo) and the project team.  
Due to this list the project is sufficiently described and the general conditions are cleared so the 
project team is able to deliver a final proposal that satisfies the customer. 
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ID Requirements  Specifiation Type Comment 
1 General    
Mandatory M / 
Desirable d 
  
1.1 What kind of space should be in 
the building? 
cowork, common area, exhibition hall, 
maker space, bar/cafeteria 
M music space & extension of coworks in 2. building step 
1.2 Accesability Wheelchair/Disabled access M elevator if more than ground floor  
1.3 Flexibility & Modularity Expandable M changing of space within the next years should be possible  
1.4 Central Square Meeting Point & temporary exhibitions M square (for events & outside sitting area, ...), connection/link between 
the old & new Neàpolis building  
1.5 Amount of people 30 M  the building has to fit for 30 people in total (1. Stage) 
2 Size & Space       
2.1 Cowork space 5- 10m² per Person, +/- 15 people M law and given by Neàpolis 
2.2 Common areas 2m² per Person M law 
2.3 Indoor Height  min. 2,5m M Regulations & Laws 
2.4 Plot Size 3150.97 sqm  - plot size is given 
2.5 Maker Space +/- 5 people  M given by the Neàpolis 
2.6 Bar/Cafeteria +/- 10 people  d dining area 
3 ECO aspects       
3.1 Green Roof Roof with plants d Insulation and ecofriendly 
3.2 Renewable Energy Solar pannels on the roof, Wind turbines d Energy production 
3.3 Energy efficiency  High M Insulation  
3.4 Surrounding proposoal of the green space M plants and central square  
4 Design       
4.1 Exterior Design Attractive & Expandable M fit in the surrounding and with the Neàpolis building 
4.2 Interior Design Attractive and optimal utalization  M comfortable working environment   
5 Costs       
5.1 Cost efficient Balance Price & Quality M no fix budget given  
Table 1: Requirements list 
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4.2 Sections of the Building 
4.2.1 Cowork Office 
A cowork is a shared office space where individuals or small businesses can rent workspace and work 
together in a shared environment with likeminded people. This idea is becoming more popular as 
there have been many benefits shown from working in this type of environment. People who work in 
shared offices feel more comfortable, they can work when they want and since most people will be 
from different fields or backgrounds there is no direct competition or internal politics to be dealt 
with. [16] People often feel part of a community and working with a wide variety of different people 
and backgrounds leads to new ideas and innovation. The project requires a minimum space for a 
total of 15 coworkers with space for meetings and relaxation. These are mainly startups and 
unexperienced employees. After they are more experienced and larger they may move into the 
official Neàpolis building.  
 
Figure 13: Photograph of cowork office space in Neàpolis 
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4.2.2 Bar/Cafeteria 
There will be a small bar/café that will be open to the workers and also the public it should fit at least 
10 people sitting comfortably.  
 
Figure 14: Example of bar/cafeteria 
4.2.3 Exhibition Spaces 
Space for any small indoor exhibitions or presentations and a larger outdoor exhibition space for 
different events held in and around the new building should be included, this is space where artists 
or designers can show their work to the public. In this section it is very important to consider the 
placement of lighting and windows to make it an attractive space for their demonstrations.  
 
Figure 15: Recent Event Held in the exhibition hall in Neàpolis [17] 
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4.2.4 Maker space 
Maker spaces are open access workshops hosting a variety of new and older tools – varying from 3D 
printers and laser cutters through to sewing machines and soldering irons. Although maker spaces 
have existed for decades, they have rapidly grown in number in recent years. [18] It is a place for 
inventors, designers, entrepreneurs and other likeminded people. It’s a place for creating something 
out of nothing and exploring your own interests. These spaces are also helping prepare those who 
need critical new skills in the fields of science, technology, engineering and math. These have been 
set up worldwide for public and educational use with many schools investing in this as part of their 
curriculum. While not a traditional part of education many studies have shown that doing hands on 
work improves learning and gives better understanding of concepts. [19] It is important that an open 
space is created within the containers allowing the workers to move and operate easily, this maker 
space should have space for 5 people working independently as a minimum.  
 
Figure 16: Photograph of maker space in Barcelona 
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5 Building Plot  
5.1 Appearance and Area size  
This part of the report visualizes the construction site. The area highlighted in dark green colour in 
Figure 17 is the building plot where the future construction should be established.  
 
Figure 17: Construction site (highlighted in dark green colour) 
The following images (Figure 18 & Figure 19) will give an overview how the plot looks in reality.  
 
Figure 18: The building plot from the top of Neàpolis 
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Figure 19: The building plot from the street 
Further images and drawings of the plot can be found in the Digital Appendix.  
To estimate the total area of the construction site the online application tool called ‘’Google Maps 
Area Calculator Tool’’ is used because no technical measurements of the plot are done yet. The 
calculation tool works with several pinpoints. To minimize the error and to achieve an accurate 
estimation the plot was outlined with a suitable amount of these points. Figure 20 is illustrating the 
method of the calculation tool. 
 
Figure 20:  Calculation of the whole building plot (left) and only the "triangle" area (right) [20] 
The whole building plot (left side of Figure 20) is approximately 3150.97 𝑚2. Meanwhile, the 
“triangle” area (right side) is approximately 2632.25 𝑚2. This triangle area is calculated because it is 
sufficient to place the building that will fulfil the requirements in this space.  
Building Plot                        21 
EPS 2017 – FINAL REPORT – SEA CONTAINER BUILDING  
As shown in Figure 21 the “triangle” area is simplified further to get the approximate dimensions of 
the construction site. This is done with another online application named “Google Map Distance 
Calculator Tool”.  
 
Figure 21: Calculation of site length 
By using the measurement values obtained from the application, a sketch of the triangle is made in 
Siemens NX11, which is a CAD software The dimensions of the site (see Appendix A) are required 
during the design stage of a building as it is important to make sure the designs fit perfectly in the 
actual site. Therefore it is definitely recommended to instruct an appropriate measurement of the 
building plot before starting to erect the building. This is important to make sure the proposal of the 
design fits perfectly in the shape and the dimensions of the plot. Redesign probably will happen if the 
estimation differs too much from the real measures.   
As requirement ID 4.1 includes the design of the building has to harmonize with the surrounding and 
the neighbouring buildings, a few photographs were taken. Figure 22 and Figure 23 display the 
neighbouring houses (Figure 22 left) and the Neàpolis building (Figure 22 right & Figure 23).  
 
Figure 22: The surrounding of the building plot 
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Figure 23: The Neàpolis building next to the building plot 
5.2 Urban laws 
Another aspect to study in the project of a building is the existing urban regulation on the plot where 
the construction should be built. 
According to information provided by the Department of Urbanism of the City Council of Vilanova i la 
Geltrú and the current General Plan of Urban Ordinance, the plot of the project is qualified as Green 
Zone. Therefore, with this urban qualification, it is not possible to build on this plot. 
In order it’s possible to build on this plot, it must be made a Specific Modification of the General 
Plan, so the plot changes its qualification from Green Zone to Equipment. It must be said that, in 
general, in Catalonia is usually difficult to change the urban classification of an area qualified as 
Green Zone. In order to approve a Specific Modification of the General Plan like this, two conditions 
must be met: 
1. Justify consistently the need and convenience for the city of building a specific type of 
construction (which in this case is the projected building) on the plot currently qualified as 
Green Zone. 
2. There is a plot of the city qualified as Equipment, that could be qualified as Green Zone, 
with the same surface of the actual building site, in order that the Specific Modification of 
the General Plan does not involve loss of surface of Green Zone in the city. 
Regarding the first condition, the justification has already been demonstrated consistently in the 
framework of this project. 
Regarding the second condition can be achieved through an existing plot on the street Josep Maria 
Bultó number 3. This plot has currently qualification of Equipment. According to information 
provided by the Department of Urbanism of the City Council of Vilanova i la Geltrú, several years ago 
it was planned to build a school on this plot. But this option was finally rejected, and there is no plan 
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to build on this plot. For this reason, it is considered possible that this plot can become qualified as 
Green Zone. And therefore, the plot of the project becomes qualified as Equipment. Consequently it 
would be possible to construct the building of the project on the plot. 
It is considered that the duration of the processing of a file of Specific Modification of the General 
Plan, from its beginning until its end, is about one year. 
It should be mentioned that another option considered, is to construct the building in another plot, 
which currently has qualification of Equipment. But it is considered, after consulting the Direction 
Team of Neàpolis, that from a conceptual and functional point of view, and in terms of efficiency, the 
best solution by far, is that the building project is located besides Neàpolis. 
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6 Exterior Design 
6.1 Researches 
6.1.1  Study on climate & environment in Vilanova i la Geltrú 
Research on the regional climate and environment is an important initial step in this project. Having 
knowledge of the climate factors are essential in building construction, civil operations and building 
designs [21]. The climate plays a key role when ensuring the sustainability and strength of a building 
against any kind of local climate event. Any unwanted incident such as damages and loss during the 
building construction due to bad weather also could be avoided if an immediate measure is taken 
beforehand by being aware to the regional weather condition. 
In the following are the climate factors and environmental factors in Vilanova i la Geltrú that seem 
urgent to be considered. These factors are studied to prevent any possible error in the decision-
making process such as in choosing the right material or in designing the sea container building for 
the customer Neàpolis. A great design that fully takes the advantages of the climate and the local 
environment could possibly save a lot of money in the project.   
The data of the rainfall in the next sections are taken 40.2km away from Vilanova i la Geltrú. 
Nevertheless, it is believed that the difference between the values from the data and the actual 
values in Vilanova is relatively small. Therefore, they are accurate enough for analysis of the regional 
climate factors since the relatively small difference does not affect the reasons why these factors are 
studied in the first place. 
6.1.2 Rain Fall  
One of the important aspects that clearly needs to be considered when designing a roof of a building 
is the regional rainfall. In typical building design in a rainy area, normally a gable roof is chosen to 
secure the roof from water stagnation as well as to reduce the water erosion. Therefore, this study of 
the amount of precipitation is meant to determine an adequate roof for the sea container building.  
According to the data of average precipitation in Barcelona throughout a year (see Appendix B), it is 
believed that the amount of precipitation in Barcelona still needs consideration during the building 
design stage. However, all type of roof seems to be suitable to be adapted into the design. 
6.1.3 Sun’s Path and Positions 
This study is performed to examine the sun’s path and positions throughout a year in order to make 
full use of solar power in the potential building design and for passive heating and cooling purposes. 
For this reason, an online application from suncalc.org is used to gather the desired information. As 
the sun’s path changes at different times, 2 dates are chosen which are the starts of summer 
(summer solstice) and winter (winter solstice) in Barcelona. 
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By referring to the results from the application (see Appendix B), the orientation of the building and 
the position of windows inside the sea container buildings would be placed accordingly to obtain the 
best natural lighting possible during the day. On the other hand, the indoor air temperature needs to 
stay comfortable. For that reason, the windows are not directly orientated towards the sun cycle. A 
good balance is required here.  
6.1.4 Wind Directions and Speed 
The wind direction at the construction site can be identified by studying out of which direction the 
wind is most frequently blowing. This type of wind is called prevailing wind. Having information 
about it is important in deciding the building orientation for passive heating and cooling of the 
building. If the building is settled properly, a lot of money possibly could be saved from spending on 
utilities for the purposes. 
According to the wind statistic (see Appendix B), the average wind speed throughout a year in 
Vilanova i la Geltrú is about 1.029 m/s with its prevailing wind blows towards North East most of the 
time. By using this value, a study to examine whether it is worth taking into consideration or not to 
use the wind power to generate electricity in this project is made. More details about this will be 
explained in the next section. 
6.1.5 Renewable Energy - Wind Turbine and Solar Panel 
There is no doubt that spending money on solar and wind power to generate electricity is a good 
long-term investment that could save a lot of money. However, in economic terms this depends on 
the regional climate and laws in each country. A study is carried out to decide whether investing in 
either these two renewable energies is beneficial to Neàpolis.     
Wind Turbine 
A small wind turbine is a turbine that has rotor diameter less than 10 meters [22]. It could be 
considered as a wind turbine that required the least average wind speed to generate power. Without 
considering the amount of power needed by the potential sea containers building first, a comparison 
between the required average wind speed and the one that is available in Vilanova is made. 
A 1.5kW rated wind turbine is possibly the smallest rated power that could be found in the market 
and seems to be adequate to be used in this project. Nevertheless, it requires a minimum wind speed 
of 3m/s for the blades to turn or in other words, to start generating the energy. [22] This minimum 
speed required is called cut-in speed. Meanwhile, as already mentioned in section 6.14, the average 
wind speed in Vilanova i la Geltru is just 1.029 m/s. As a side note, there is a time where the wind 
speed in Vilanova could reach up to 8.745 m/s but this is not the average speed of the wind and only 
occurs occasionally. Thus, the wind turbine may not be able to work in its full potential. In addition, 
even the 1.5 kW small-scale wind turbine could cost up to 1250 € [23]. 
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As a conclusion, investing in wind power in this project probably would only lead to waste of money 
as the wind turbine could not work efficiently due to the climate factor in Vilanova i la Geltrú.  
Solar Panel 
Abundant sun and scarce rain make Spain an ideal European country to take advantage of solar 
power to generate electricity. However, the presence of the “sun tax” in Spain has caused the 
adaptation of it into the building design for this project become a question either it is worth investing 
or not.  
As the result to this research (see Appendix C), it is believed that at present, staying in the grid and 
not using the solar power is the best option. Due to the fees and tax that need to be paid if the PV 
system is installed, the investments on the solar power probably take a long time before being 
profitable. For instance, the new tax would extend the average time it would take for solar panels to 
pay for themselves from less than 10 years to over 20 years [24].  
Considering the requirements of this project, it is suggested that to focus on the sea container 
building construction first. If by chance in the near future the law on the self-consumption is 
removed from the Spanish national law, then investing on the solar power would give more benefits 
to Neàpolis in a long run. 
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6.2 Initial Concepts 
After the initial meeting with the company several concepts were created and presented to the 
supervisor for approval. The following section is showing the three main concepts. 
6.2.1 Concept Design 1 
 
Figure 24: Design Idea 1 - 3D View 
Figure 24 displays the first concept idea. The concept was designed before final specifications were 
agreed with the company. The curved and angled elements from the existing Neàpolis building are 
integrated into the design. It features all the required spaces but is also about double the size that 
the company really requires. That is the reason why this design is not traced further.  
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6.2.2 Concept Design 2 
The sketching process of Design 2 had also started before the definite requirements have been 
transmitted. The design is built up by 36 containers, and is made for a big working space. For the 
design 20ft standard containers were used. It utilizes more of the available space on the plot by using 
the V shape, which fits well on the plot and it is a modern approach in terms of design. 
 
Figure 25: Design Idea 2 - 3D View 
It features all the spaces/utilities that the company requires but it was agreed that a more 
conservative design and smaller building would fit better into the surrounding area. 
6.2.3 Concept Design 3 
It is a simple approach in terms of design with nothing extravagant other than the large angled glass 
section shown below.   
 
Figure 26: Design Idea 3 – 3D View 
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This design consists of 26 containers. It is also built up by 20ft standard containers, which is the most 
common container size and thus the most available. One of the main strengths of this design is the 
modularity and expandability. This design is based on a modular concept; it can be extended easily 
with additional containers if the company needs more space, which is an important factor for the 
company. 
Expendability Design 3  
Based on the Design Idea 3 another Idea is generated. Shown below is an extension on the previous 
presented if the company wanted to expand it in the future.  
 
Figure 27: Design Idea 3.1 - Top View 
This time it features the addition of 6 more containers, which extends the space for the coworks and 
a music space. The music area consists of 3 containers. This is only one shown possibility how the 
building could be expanded. Other enlargements are also possible like adding containers to the first 
floor.  
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Figure 28: Design Idea 3.1 – 3D View 
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6.3 Final Design 
The final design is based on the third concept which is explained previously.  
As it can be seen in Figure 29 and in Figure 30 several changes had been made to the concept to get 
to this final design. As before the use of straight, clear lines in combination with large windows 
makes it look modern and it ensures that it fits in next to the modern looking Neàpolis building. 
There are many windows on the front side to allow the light into the building as the day goes on 
providing a bright and natural environment to work in.  
 
Figure 29: Final Design – 3D Street View 
 
Figure 30: Final Design – 3D Back View 
As stated this is a continuation of the third design with some changes and compromises, for practical 
and cost reasons. The size of container used in this design was the 20ft high cube container as it is 
widely utilized globally for shipping due to the extra height which will also make the final building 
vastly more open as a building made with standard 20ft containers can often feel cramped and 
confined on the interior which is obviously not the aim of this project.  
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Figure 31: Final Design – Detail Main Entrance 
The first obvious change which can be seen in Figure 31 is that the rounded section is no longer at an 
angle because it would have been more difficult to build, requires more metal profiles and is more 
expensive. This approach also increases the interior space in the ground floor because the ground 
radius is the same as the top radius. It is also no longer constructed from glass, because custom-
made rounded glazing is very expensive and that alone would have increased the price of the 
building considerably. It is not fully rounded but has a flat surface where the main sliding door and 
window are positioned, which allows the use of a conventional door and window, which is a lot 
cheaper than a custom made glass set. The window is there to brighten the interior because with 
only the glass door there would not have been enough interior light. The walls of it are made from 
metallic profiles and covered in sheet metal like the Neàpolis building. In this rounded section and 
the adjacent containers on the ground floor is the interior exhibition space. Disabled people can 
access the building via a ramp at the entrance. The ground print of the rounded section is 62.7 
square meters while the whole construction has a ground print of a 314 square meters.  
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Figure 32: Final Design –Detail Maker Space   
The maker space did not change from the concept as it consists of 7 containers like before and the 
door in the back is the actual doors of the container which is big enough to bring inside any large 
equipment and any tools they need. This cuts the price of a normal door and also shows the practical 
side when building with containers. The windows in the 1st floor are embossed to match the ones in 
Neàpolis. The ground floor has 4 containers and will have larger machinery while the first floor has 3 
containers and one balcony where people can go out and have a break. The access to the balcony is 
given by a normal size glass door. It has 59 square meters on the ground print. All the mentioned 
aspects are displayed in Figure 32.  
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Figure 33: Final Design – Detail Street View  
On top of the exhibition containers there are 2 more containers (Figure 33), this was to fix a flaw in 
the initial concept where it was not possible to move from one side of the building to another on the 
first floor without going onto the main balcony. In the first design, there was also no corridor for the 
ground floor. Two more containers were added for the same reason as for the corridor on the first 
floor, to link the building together and give access to the central square (Figure 34). 
 
Figure 34: Final Design – Detail Back View 2  
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Moving on to the next part of the building (Figure 35) and the next 3 containers on the on the ground 
floor make up for the small bar/café. The bar/café entrance is through a small glass door beneath the 
“floating” container. The “floating” container above is part of the first floor corridor and has a big 
window on the street side and a sliding door on the opposite side which gives access to the main 
balcony, which has been extended since the first design. 
 
Figure 35: Final Design – Detail Street View 2 
And the last part and the most important is the cowork space. It has a main entrance of a glass sliding 
door from the front building on the street side (Figure 35).  
 
Figure 36: Final Design – Detail Back View 3  
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In the Figure 36 on the right side in the singular container is the toilet with 2 small windows for light 
and ventilation. In the back are 2 containers, there is the small working space with a big window 
towards the back side which gives a bright environment without direct sunlight radiation. On the first 
floor is the main cowork space composed of 4 containers plus the 2 large cubes combined with 2 
containers that extend over the roof of the building. This part of the building has the most windows 
to give the workers a comfortable environment to work in.  
 
 
Figure 37: Final Design – 3D Surrounding View  
The balconies have a wooden floor and a railing made of glass. The walls will be cladded with cork 
and painted in a suitable colour that fits in the surrounding next to Neàpolis and shows that the 
buildings belong together.  
The remaining space on the plot is decorated with trees around the perimeter (Figure 37). This was 
done to leave space for any outdoor exhibitions and if the company decides to expand the building 
they don’t have to remove the trees. In the central square are only things that can be taken out 
easily, like benches, tables and chairs. 
The green roof seen in the Figure 38 is now implemented into the design and is located on the maker 
space and the 2 containers next to the rounded section. This location has been chosen for structural 
reasons, because the containers in these sections are stacked directly on top of each other. 
Containers stacked directly on each other are the strongest; they can take much more load than the 
ones that are not directly stacked. 
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Figure 38: Final Design – 3D Back View 2 
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7 Structural Analysis  
As a first estimation, simple structural analyses were made in Solid Works. To fulfil all the 
requirements in this project an in-depth analyses of the whole construction wasn't required. An 
analyse of the structural behaviour of a container was made by putting an estimative real world load 
on a single container, a single container with bits of its walls to show that the walls are a part of the 
structure, a welded containers stress test to demonstrate they are stronger together, and a test 
illustrating the necessity of reinforcements simplified with an I-profile beam. 
But even though the whole structure wasn't analysed completely, a 3D-model with the main 
structure was assembled in Solid Works. The file can be found in the Digital Appendix. 
 
Figure 39: Structure of the building in Solid Works 
7.1 Single Container Test 
To ensure that a container can take a estimated load of 50.000 N (equals approx. 5 tons) the single 
container structure is tested. The container is fixed in the 4 corner points indicated with green 
arrows (Figure 40) those are the contact points with the foundation. The applied total force of 50.000 
N is split equally to the four top corners indicated with pink arrows, these are the contatct points 
between the containers of the ground floor and the 1. floor.   
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Figure 40: Single Container Stress Test in Solid Works 
The mechanical properties of the material of Container are displayed in Figure 41.  
 
Figure 41: Mechanical properties of a container in Solid Works 
The next image illustrates the exagerrated deformation of the container. The maximum deformation 
is 0.402 mm on the door beams.  
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Figure 42: Deformation single container stress test in Solid Works 
The same stress test (same force and same constraints) is done with an container frame and a 
section of the walls, which are made of corrugated corten steel.  
 
Figure 43: Single Container Stress Test with wall sections in Solid Works 
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Figure 44: Deformation single container stress test with wall sections in Solid Works 
The results show that the walls have a great impact on the container strength. With the added wall 
sections the maximum deformation is 0.391 mm. This fact leads to the conclusion that most of the 
used containers with wall sections will resist higher forces than the applied ones 
7.2 Welded Container Test 
The following stress test proves four containers welded together. 
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Figure 45: Welded container stress test in Solid Works 
The fixed points are the bottom corners which are in contact with the foundation. The forces are 
applied on the top corners which are 12.500 N on each corner. 
The containers next to each other are placed in opposite direction, which means the actual container 
door side faces a container backside. The reason for this can be seen in the single container stress 
test, the weakest part of the container are the door beams. Placing and welding the containers this 
way improves strength of the structure. 
 
Figure 46: Detail welded corners 
In this picture can be seen the fact that when they are welded together in this manner they become 
stronger. 
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Figure 47: Deformation welded container stress test with wall sections in Solid Works 
The maximum deformation in this case is 0.400 mm. 
7.3 Single Container test with simplified reinforcement  
A stress test with reinforcements has to be made because the containers of the cowork office on the 
1. floor will not be placed directly on to the structure of the containers underneath. In this case 
researches have shown that I-Beams are used to support the container structure. Figure 48 simplifies 
the reinforcement by using an I-Beam laid on top of the container beams on which the force of 
20.000 N is applied.  
 
Figure 48: Simplified container stress test with I-Beam reinforcement in Solid Works 
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The Dimension of the integrated I-Beams can be looked up in the following Figure 49. 
 
Figure 49: Dimensions I-Beam reinforcement 
 
Figure 50: Deformation simplified container stress test with I-Beam reinforcement in Solid Works 
The maximum deformation in the test is 5.36mm.  
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7.4 Non Container Structure  
The company desired to realise a resemblance between the newly built container office and the 
existing Neàpolis building. To match this resemblance, curved lines will be used in the design where 
the exhibition hall is situated. Here, the placement of a container is not possible. For this structure, 
bended construction profiles in steel will be used. Steel construction profiles exist in a wide variety. 
Steel companies use extensive, modern machinery to bend standard construction profiles. Profiles 
can be bent in 2D or 3D. Regarding the shape of the structure, a 2D model is sufficient. 
 
Figure 51: I-profile and bended C-profile which will be used for the rounded part [25] 
 
Figure 52: Example of a construction in the USA, I-profiles for the flooring structure [26] 
The rounded section itself will be realised out of C-profiles. For the straight profiles, (inside of the 
rounded section: flooring) I-profiles will be used. I-profiles have a strong capacity to resist axial 
forces, forces which will be emerged by the users walking over the floor. The C-profiles will point 
with their flat side to the exterior so that a firm connection with the I-profiles can be realised. The 
different profiles will be welded together to form the skeleton of the exhibition hall. The second 
reason why the C-profiles will be bended like this, is for the finishing.  
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Figure 53: Bended zinc coil sheets as a finishing [27] 
As shown in Figure 53 bended zinc coil sheets will be used as a finishing. It is easier to apply the 
finishing against a straight profile. [28] 
The total exterior surface of the rounded section is 96 m2. The bended zinc panels will cost around 
150 euro/m2, welding included. This results in an amount of 14 400 euro for the cladding in zinc. This 
is with the cost of the structure itself excluded.  
7.5 Conclusion of Structural Analysis  
As the simple test showed even without the walls the container structure can resist of a potential 
real world of a5 tones 
To ensure that the design is possible to be built with containers, a few deformation tests were made. 
By referring to the outcome of the tests (single container deformation without walls and a load of 
5000kg is 0.4mm), the structure of the whole building constructed with the containers is believed to 
be stronger when the containers welded together and reinforced compared to a single container 
alone. 
In other words, multiple containers joined together seem to be able to support greater loads 
resulting in a more stable structure. Thus, it could be assumed that the sea container building could 
stand any potential loads such as live load and wind loads without trouble in the future. But as this 
tests are just first estimations detailed stress tests must be performed and the exact location of 
reinforcements should be identified before starting the construction 
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8 Foundation and Sewage  
8.1 Foundation 
8.1.1 Concrete pile foundation vs. concrete slab foundation  
In general precedent to a precise foundation decision and calculation a ground analysis had to be 
made. Therefore an exact Cone Penetration Test (CPT) needs to be executed before the construction 
can start. Because this could not be done by the project team, the following given estimations and 
information will lead to the recommended solution.  
The soil in the area of Vilanova i la Geltrú, especially at the construction site, consists of mainly clay 
with a ground resistance of ad = 0,2 N/mm2 = 2 kP/cm2. The soil consistancy and the ground 
resitance are approximated numbers which were given by Neàpolis. Declaring that the soil consists of 
mainly clay is in this case enough for a first approach, even if the ground contains more soil types 
than one. It is also possible that the soil contains every few meters a part of sand material.  
In the following section the type of foundation will be determined. In this case two foundation 
structures are examined: a full concrete slab foundation and a foundation on concrete piles. Figure 
54 illustrates a slab foundation in the centre and on the sides beam structures with conrete piles are 
used.  
 
Figure 54: Foundation example [29] 
The customer (Neàpolis) requested a concrete slab foundation over a pile foundation, arguing that a 
pile foundation is more expensive. Placing a pile foundation requires more heavy and specific 
machinery. After this request a critical analysis and a cost comparison of both foundation structures 
was made.  
Foundation and Sewage                        48 
EPS 2017 – FINAL REPORT – SEA CONTAINER BUILDING  
A full concrete slab foundation under the container building would cost approximately 17.100 €. This 
price includes insulation, formwork and construction foil. Stabilised sand under the concrete slab is 
excluded.  
Realising the foundation with concrete piles would cost approximately 27.666 €. The detailed 
calculation sheet can be found in the Digital Appendix. [30] 
But it has to be considered that a concrete slab foundation requires a constant support under every 
part of its structure. When the ground cannot provide an equal support under every part of the slab 
foundation, the whole structure can fail due to ‘differential settlement’. Figure 55 visualizes this 
phenomenon.   
Prior making a decision towards a slab foundation, it needs to be proven that the particular clay 
ground gives a similar support beneath every part of the foundation. This only can be done with a 
profound ground analysis carried out by a specialized company. Researches show that in only 30% of 
the cases a clay ground is constant enough to support a slab foundation. [31] 
 
Figure 55: Failing of slab foundation [32] 
Consequently to provide a safe container construction and to avoid problems in the future, a 
concrete pile foundation will be the recommended as a solution based on the given information..  
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8.1.2 Concrete pile foundation  
A concrete pile foundation will give a higher support to the construction and minimizes the possibilty 
to fail by using meter deep piles. Pile foundations are used in two types on specific situations: 
1. When the type of soil located in the top layers is not strong enough to fully resist the force of 
the structure. Than the forces which come from the construction have to bypass this layer. 
The forces will be transferred to a deeper layer which consists of the stronger material. 
 
2. When the construction has very concentrated loads. 
 
In case of a container construction, the loads from the construction to the soil are yield by four 
contact points. The four points are the four corners of the container where the forces are 
concentrated. For this reason a concrete pile foundation with piles located in every corner of the 
container is a suitable solution for supporting the structure.  
There are two ways of how the piles react with the ground. If the bottom of the pile rests on a layer 
of strong soil they are called ‘’end bearing piles’’. Friction piles work in a different way. The pile 
transfers the load across the full height of the pile, which is cylindrical in shape. The absence of the 
exact CPT leads to an assumption that the pile will get its resistance in a weak clay soil and that 
friction piles will be used. This is illustrated in Figure 56. 
 
Figure 56: End bearing piles (left) and friction piles (right) [33] 
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8.1.3 Foundation on wells 
For this project a special type of pile foundation called “foundation on wells” is recommended. 
Because in general thinking of a pile foundation it is usual to use piles with a depth of around 10 m. 
This method demands heavy machinery and a big amount of material. Normally pile foundations, as 
described, support enormous multi-level buildings such as hospitals or schools.  
“Foundation on wells” in contrary is a smaller version of the original pile foundation. It usually will 
not be deeper than 10 m and only small machinery is required.  
The main advantages of a foundation on wells in comparison to the deeper pile foundation are the 
lower costs and the absence of vibrations when realising the foundation. The existing Neàpolis 
building next to the container construction has a foundation that is vulnerable for vibrations. Using a 
foundation on wells will not affect any nearby buildings and saves money. [34] 
The available diameters for the foundation are 80 cm, 100 cm and 120 cm. Regarding the weight of 
two stacked containers (approximately 10 tons) and the relative small surface of the contact points in 
the corners of the container, a diameter of 80 cm and an estimated pile depth of 3 m will be 
sufficient. 
On top of the foundation piles a concrete beam structure will be placed (shown in Figure 58). The 
metal reinforcements (shown in Figure 57) combine all foundation elements (piles and horizontal 
beams) and form a skeleton for the container construction.  
 
Figure 57: Metal reinforcements in foundation piles [35] 
The beam skeleton is evaluated to be 40 cm x 40 cm. The 40 cm wide beams form enough surface to 
cover the container structure. Figure 58 visualizes the horizontal beam structure.  
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Figure 58: Horizontal beam structure (left) [36] and schematic illustration with container in Google SketchUp 
(right) 
The layout of the foundation for the designed building is displayed in Figure 59. The piles are 
illustrated by black circles.  
 
Figure 59: Location of pile and slab foundation 
The two black coloured parts (exhibiton hall and room of water heating tank) will be founded with a 
15 cm thick concrete plate. This parts are not built up by containers and need a flat flooring. The 
corner lines will be supported by concrete beams likewise in the container areas. The yellow lines are 
for sizing. Realizing the foundation for the project in such a way will cost approxematly 20.000 €, 
which is slightly more expensive than a full slab foundation but will reduce the risk of failling 
multiplied. The detailed information about the costing calculation can be found in Appendix D.  
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8.2 Sewage 
Alongside the planning of the foundation and the location of the piles and beams, the location and 
direction of the sewage system has to be implemented. The following Figure 60 is displaying the 
connection of the buildings drainage system to the main sewage system of the town.  
8.2.1 General Study 
A drainage system refers to all the piping within private and public premises which conveys sewage 
and other liquid waste to the main sanitary sewer. ‘’A stack” is a general term used for any vertical 
piping line. An indoor sewage system contains one main waste and vent stack. All the sewage piping 
is connected to the main waste stack. The waste stack requires ventilation at the top of the 
construction. The waste stack is ventilated through the roof (or an external wall) and this part is 
called ‘’main vent’’. At the bottom and in the soil, the main waste stack is connected to the sanitary 
sewer with a waste line. In the project the same sewage built up will be used. Drainage systems do 
not depend on pressure, when comparing it to supply systems. Waste leaves the house because the 
drainage pipes all pitch or angle downwards. This transport method is driven by gravity. 
 
Figure 60: Connection of indoor sewage pipes to the main sanitary sewer [37] 
Indoor facilities (like a sink or a basin) are connected to two diffrent sub systems. One subsystem 
brings the fresh water in, the other system takes waste water out (the sewage system). All the indoor 
elements that contaminate water require a connection using sewage piping. This wire of piping goes 
through the walls and flooring. In Figure 61 a connection of a toilet and a sync to the main stack vent 
is shown. [38]. 
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Figure 61: Toilet and Basin connection to the main stack (left) and piping in the ground (right) [39] 
Clear sewage plans precede the start of the construction. At the ground floor under the foundation, 
savings will be made for the connection the the main sewage system, also visible in Figure 61.  
 
Figure 62: Indoor connection the main waste stack, ventilated through the roof [40] 
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8.2.2 Sewage Implementation in the plot  
All the displayed plans in this chapter are made with AutoCad 2017 and can be found in both dwg 
and pdf in the Digital Appendix. 
 
Figure 63: Ground floor (+0): indoor connection to the main stack and to the main sewage 
 
Figure 64: First floor (+1): indoor connections to the main stack 
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Figure 65: Detail piping at the first floor (+1) 
In the plans different line colours were used to distinct both sub-systems from each other. Red and 
blue lines represent water supply lines. Black lines are the implementation of the sewage system.  
Two different piping diameters will be used: 50 mm and 100 mm. Sewage for toilet uses require a 
bigger piping size than sewage piping for waste water. In the plans line thicknesses are represented. 
One main stack is rising through the whole structure. The main stack is centrally located in the 
structure and in a place where floor +0, floor +1 and the roof can easily be connected. At the bottom 
the main stack is connected to the main sewage line. At the top it forms the ventilation for the whole 
indoor sewage system. 
On the ground floor there are 3 toilets and 4 sinks (3 in the toilets and one in the kitchen) located. 
Every toilet and every sink requires a connection to the sewage system.The total piping length on the 
ground floor is 38,2 m (3,5 m for  50 mm and 34,7 m for  100 mm). On the first floor there are 3 
toilets and 3 sinks located. The total piping length on the first floor is 13,1 m (3,7 m for  50 mm and 
9,4 m for  100 mm). The height of the main vent stack going through the whole structure is 5,8 m. 
As a result an approximate 57 m of piping was used. This number is with traps excluded. An 
example of a trap under a sink is shown in Figure 61. 
The material that will be used for the realisation of the piping is PVC. PVC has a smooth interior for a 
good carrying capacity of waste matter. The smooth exterior also helps resist root anchorage. 
To finish, a control point will be added at the surface above the connection point between the waste 
line and the sanitary sewer.  
A detailed price calculation can be found in the Appendix D.  
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9 Interior Design 
9.1 Regulations and Legislations on interior dimensions 
Regarding regulations about crucial areas in spanish offices the following numbers are given by the 
supervisor Félix Ruiz Gorrindo. 
 5 m2 of specific working space for one worker 
 10 m2 per user of total space and  
 2 m2 for each user in common spaces.  
With an estimated calculation based on the dutch rules for common working spaces NEN 1824 the 
numbers were verified and adapted. 
Based on the regulations of the previous norm, the calculation is showing the following results for a 
required working space for 15 workers. 
NEN 1824 [41] 
 15 workers: 15 x 5 m2  75m2 
 15 flatscreens: 15 x 1 m2 15m2 
 15 writing desks: 15 x 1 m2 15m2 
 15 shelves: 15 x 1 m2 15m2 
 1 meeting room for 6 persons: 6 x 2 m2  12m2  
 147m2 for 15 workers  
 total required space of 9,8 m2 for each worker 
The previous norm only applies for the minimum required office space, but as the building does not 
only contains office space more capacity is necessary. For the other sections of the building no 
specific laws and regulations were identified. Consequently the results are scaled and a certain 
security factor was added. Especially the area of the exhibition hall does not fall under any regulation 
but will add a considerable amount of space.  
Nevertheless another regulation that has to be considered is the minimum indoor height in business 
buildings. The minimum ceiling or room height for any habitable room in Spain is 2.5m. [42] Even 
though there is no room or area in the sea container building that could be considered as habitable 
space, it is believed that this requirement still need to be taken seriously in this project as the 
minimum room height to avoid any conflict with the Spain Building Regulation in the future.   
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9.2 Floor Plans 
In the design phase of the sea container building, it is believed that there are three main plans that 
need to be created first before going further. These plans are:  
 Floor plan,  
 Electrical plan and  
 Water layout of the building. [43]  
Please note that the final design of the sea container may slightly differ to these plans in term of the 
presence, dimensions, and positions of building features like doors, windows and stairs as these 
plans are made first to speed up the project progress. 
As stated by Thesaurus dictionary, a floor plan is a scale drawing of a horizontal section through a 
building at a given level [44]. These floor plans are meant to show information about the location and 
type of construction, location and size of doors, windows, stairs, rooms, and both exterior and 
interior features for both floors [45].  
To create the floor plans and electrical plans of the sea container building Siemens NX11 (CAD 
software) is used. It is decided that only 20ft high cube container are going to be used. Thus, the 
container with its exterior and the interior walls is drawn first before multiplying it and orientating 
them according to the final exterior design. The dimensions used to draw the container are already 
mentioned in Chapter Dimensions of a 20ft HC Container. It should be noted that the sea container 
dimensions can vary depending on the manufacturer. [46] For this reason it is highly advisable to buy 
all of the containers for this project from one manufacturer.  
Figure 66: Drawing of a container in NX11 
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From there, the arrangement of the rooms, areas and facilities are made. Then, the walls of the 
containers in the drawing are removed and other necessary additional walls are added accordingly as 
well with their estimated thickness (see Appendix E) followed by doors, windows, stairs and 
balconies.  
In a floor plan, it is not required to show the placement of insulations. However, for this project it is 
made for the purpose of easing the cost estimation for the thermal and the sound insulations that 
are planned to be installed. In addition to that, the placement of sound insulation in the floor plans 
for this project is decided according to the amount of possible noises produced in an area or the 
adjacent area so that the noises could be contained in one area only. This is important in order to 
create more productive working environment. It is also worth mentioning that if budget allows, it is 
also advisable to install the sound insulation on the rest of the not insulated walls as show in the 
floor plans (see Appendix E).  
In making the building more accessible, the dimensions of door openings, door distance from nearest 
wall, doorway without door, elevator waiting area, and toilets are adjusted in the software to meet 
several accessibility requirements. These requirements are mostly taken from The Building 
Regulation 2010 for England 2015 edition [47] [48] and also from the Spanish Regulations called 
Accesibilidad En Los Espacios Públicos Urbanizados [49]. In addition to that most of the requirements 
are for the disabled people especially wheelchair user.  
Even though the first source of the regulation is for the use in England, it seems that the 
requirements taken are still acceptable to be applied in this project. This is because of the amount of 
traffic of disabled people per year for the current Neàpolis building itself is believed to be relatively 
low. If all of the spaces in the sea container building meet these accessibility requirements for the 
disabled people, logically, there should not be any problem for normal people to access all the rooms 
& facilities inside the building. All of the applied requirements together with the measurements 
taken from the floor plans as a comparison are provided in Appendix G. 
9.3 Electricity Plans 
If in the floor plan it is necessary to show the location of windows, doors, and any other features in a 
building, in the electrical plan it should be included the location of the outlets, switches and which 
switch is connected to which lights. However, it should be noted that what is not included in this 
electrical plan is which circuit breaker in the electrical service panel controls which circuit in the 
building. 
For this project, an electrical plan is created for both floors (see Appendix H). They are based on the 
floor plans made before to make the process easier. All of the electrical symbols like recessed light 
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and duplex outlets in the plans are drawn manually in NX11. There are several reasons why recessed 
lighting is chosen to be installed in the sea container building which are [50]: 
1. It could make a room inside the sea container building feel bigger because it doesn’t 
interrupt the visual space of the ceiling. 
2. It is a safer option than hanging lights due to quite low ceiling height inside the container and 
it appears to be light so it probably not adds up much weight to the ceiling of the containers. 
For the spacing of the recessed lighting in each area or room, a simple formula shown below is used 
[51]: 
Distance between the lights ×  2 (Distance between the end light to the edge of ceiling)  
 
Figure 67: Example of recessed lighting spacing in a room 
Each room and area has their own recommended lighting levels in order to create the right mood 
and adequate lighting as well for different activities. Poor lighting in working environment could lead 
to eye-strain, fatigue, headaches, stress, accident and all of these would reduce the productivity of 
the workers [52]. Hence, a simple calculation is made for each space to determine the right number 
of lumen4 required for each light according to the number of the installed lights in that space in the 
electrical plans (see Appendix H). The results from this calculation will be used to find the right 
recessed lights or mount lights in the market for the cost analysis.     
By considering how many electrical devices will be inside the area or room, the power outlets are 
added in the electrical plan accordingly. There is no specific calculation of it. However, for the height 
of the power outlets and the switches, The Building Regulation for England is used as a guide once 
again and it appears to be that these recommended heights are coherent with the Spanish 
Regulation. Thus, all switches are set at 1200mm to the top of the switch box while all outlets are set 
at 450mm to the bottom of the outlet box [48].  
                                                          
4 Lumen: the SI unit of luminous flux, equal to the amount of light emitted per second in a unit solid angle of 
one steradian from a uniform source of one candela. Usually it is labelled on the packaging of a light bulb [112].  
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9.4 Water supply  
A water supply system routes municipal water from the street to the construction itself. In the 
construction it branches out to deliver water to faucets, toilets and more indoor units. There are two 
types of supplying networks: hot water supply and cold water supply. The equipment for this delivery 
is a system of water pipes, fittings and faucets. The water supply type showed in Figure 68 will also 
be used in the project and is called a pressurised hot water system. The service line (1) connects the 
municipal water line to the electrical heating tank (4). The tank warms up water and pumps it to the 
different points of usage. When comparing a water supply system to a sewage system, no gravity is 
used. Water is pumped up by pressure, sewer flows down by gravity. 
 
Figure 68: Pressurised hot water system (left) and detailed electric water heater (right) [53] 
In the project, all parties agreed on an electrical heating system. An electrical water heating tank is 
easy to install and safer when comparing it to a complete gas heating system. Electrical water 
heating is the most common way of water heating in container constructions. Electric water heaters 
are connected to the main water supply. The main goal is to heat up water for domestic use. The 
tank contains two heating elements. The desired temperature can be controlled manually; modern 
water heating tanks also have Wi-Fi-connection. The material of the tank itself is metal and it is 
insulated to prevent heating losses. The tank gets its performance from electrical supply. [54] 
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9.4.1  Water supply implementation in the building  
 
Figure 69: Water supply system plan of the ground floor (+0)  
A section cut of the left wing of the construction (+0) was made to show the warm and cold water 
supply. Red lines represent the hot water supply, blue lines the cold water supply and grey lines the 
cabling of the A/C system. The A/C system will be analysed in 9.5 HVAC. Due to a lack of internal 
space, a small room will be built next to the container construction on floor +0. In this room the 
electrical water heating tank will be placed. Here the drain valve will be connected to a wall to drain 
the water outside the tank if needed. The heating tank is connected to the main water supply line. 
The company gave no information concerning this topic (location of the main water supply line) so an 
additional open post was kept in the costing calculation.  
At floor +0 there are 3 toilets and 3 sinks located. Every toilet requires cold water supply and a sewer 
connection. Sinks require both hot and cold water supply and as well a connection to the sewage 
system. The piping of the water supply goes through the floor and the walls of the construction. In 
the walls the piping will be placed in the PU insulation. The coloured circles in blue and red represent 
the rising of the pipes to the first floor. (marked on the plan with ‘To +1’ in Figure 69). 
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Figure 70: Water supply system plan of the first floor (+1)  
Another section cut was made to show the water supply system on the first floor (+1). Left in Figure 
70 is marked (in coloured circles) where the supply lines form its way up from floor +0 to floor +1. At 
floor +1, 3 toilets and 3 sinks are located. Every toilet requires cold water supply, the sinks require 
both warm and cold water supply. The built up of the sewage for the toilets is the same as the 
ground floor. Consequently, the same water supply is needed in this case.  
At floor +0: 43 m of piping is used for both water supply types (hot water and cold water). 
To cover the height difference between +0 and +1: 6 m of piping Is necessary for both water supply 
types. 
At floor +1: 55,9 m of piping is used for both water supply types. 
An extra addition will be needed to cover the connection to the main water supply line. 
A detailed costing calculation can be found in the Appendix D.  
9.4.2 Specifications  
 
Figure 71: RHEEM hybrid electric water heating tank and HETCU copper piping to realise the connections [55] 
 
Professional prestige RHEEM hybrid electric water heating tank 
 
 Indoor 14 service points: 300 litre model is sufficient 
 Hybrid heating pump inside to pump up the water  
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 Wi-Fi-connectivity for important mobile alerts 
 Leak detection  
 Almost 0 noise production  
 
Heating tank in combination with HETCU copper piping  
 
 Insulated copper tube  
 Copper reduces germs and is antibacterial 
 The extra outside insulation to prevent heating losses 
 Same diameters for hot and cold water supply 
 
For detailed product sheets see Digital Appendix. 
9.5 HVAC 
9.5.1 Indoor climate 
Indoor climate is an important aspect regarding offices, especially when the outdoor climate is a 
relatively warm climate. Regarding this topic two words are essential: ventilation and cooling. Good 
ventilation is required to provide a high Indoor Air Quality (IDA). In working environments, a high 
amount of people work and produce damps in the same area. Two options are available concerning 
ventilation: mechanical ventilation or natural ventilation.   
Mechanical ventilation is a type of ventilation system defined when an outdoor unit is connected to 
indoor units with the main goal of keeping the indoor air fresh (not to cool!). But this is often an 
expensive addition to the costing price. The second option is ventilation through natural systems. 
Natural means no machines or devices. In other words: using a lot of windows in the construction 
which can be opened to keep the indoor air fresh. In the project itself the natural ventilation system 
was implemented. In the design a high amount of windows were used. Almost all the windows have 
the ability to open. Most of the windows are not located directly to the sun to prevent the rooms 
from heating up.  
The previously mentioned ventilation is only ventilation of the air. The second aspect is keeping the 
indoor air temperature at a certain desired level to provide a comfortable indoor working 
environment. Using indoor units can do this. Those units implemented in several rooms of the 
project have two modes: heating mode or cooling mode. Heating mode when a higher indoor air 
temperature is desired by the user. The cooling mode can be used in the warmer months of the 
season. The user will be able to control all the units manually and a specific temperature can be 
controlled in the different rooms. [56]  
Interior Design                        64 
EPS 2017 – FINAL REPORT – SEA CONTAINER BUILDING  
9.5.2 The function of an A/C – heating unit  
An air conditioning system follows the same cooling cycle as a normal refrigerating system. The 
system is built up with two units: an indoor unit (in the room where heating/cooling is required) and 
an outdoor unit (outside). Both units are connected. In the connection pipes between the indoor unit 
and the outdoor unit flows R4-1A. A liquid which is able to absorb or generate heat easily 
 
Figure 72: AC - cooling cycle [57] 
In Figure 72 a cycle is shown in cooling mode. Warm return air from the room is blown into the 
indoor unit (4) and comes out as cool supply air. This is made possible because the liquid in the 
system absorbs the heat of the return air. In this stage the liquid will damp and becomes a gas. 
Afterwards the gas will condense, gives away his heat to the outside air (2), and becomes liquid 
again. The heat exchange with the outdoor air is provided by an outdoor unit, shown in Figure 72. 
This cycle is called an A/C (air-conditioning) cycle. If the cycle is turned the other way around, the 
indoor unit is able to heat the air inside. An indoor unit has the capacity of either heating or cooling. 
[57] 
9.5.3  The multi split unit  
 
Figure 73: Multi-split unit with branch boxes to set the cabling path [58] 
When one outdoor unit is connected to more than one indoor unit, we speak of a multi-split. The 
outdoor unit is connected to the indoor units through ‘branch boxes’. One outdoor unit can contain 
up to 8 indoor units. A multi split unit is a common system to use in hospitals or offices. This type of 
system will cool of and heat the indoor air in the Neàpolis project. The users can moderate the 
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indoor temperature by their needs. In every room, the indoor temperature can be controlled 
separately. 
An outdoor unit makes a certain amount of noise. The advantage of a multi-split unit is the reduction 
of outdoor units. [59] 
9.5.4  HVAC implementation in the building  
 
Figure 74: The multi-split unit at floor +0 
 
Figure 75: The multi-split unit at floor +1 
With office spaces of this particular size, the most efficient approach is splitting the building up in a 
left wing and a right wing. This split up is shown in Figure 74 and Figure 75. One outdoor unit that 
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controls the left wing of the construction and one outdoor that controls the right wing of the 
construction. As a result, the cabling distance is diminished and energy will be saved because less 
transport losses are made.  
In the left wing of the building, the outdoor unit is connected to two branch boxes. One branch box is 
situated on floor +0 in the bar (installed in the lowered ceiling - Figure 74). This branch box connects 
4 indoor units in the cowork office, cowork entrance hall and in the bar. The areas mentioned require 
the most cooling. This is the reason why the units were implemented in these rooms. The second 
branch box is located on floor +1 in the cowork (installed in the lowered ceiling - Figure 75). This 
branch box also connects 4 indoor units in the cowork space and leisure area. As a result, the left 
wing of the building will be cooled off/heated by a 8x1 multi-split unit (8 indoor units connected to 1 
outdoor unit). 
In the right wing of the building, the outdoor unit is as well wired with two branch boxes. One branch 
box is located in +0 in the exhibition hall (lowered ceiling - Figure 74). This branch box is connected to 
indoor units in the maker space (2 units) and in the exhibition hall (1 unit). The maker space requires 
a high amount of cooling due to all the action that takes place while working with machinery. The 
maker space users are frequently moving and producing heat. In combination with the warmth the 
machinery produces this can lead to a higher indoor temperature. The other branch box is located at 
+1 in the fab lab, in the false ceiling (Figure 75). The last branch box is wired with two indoor units in 
the same place. The corridor on floor +1 does not require any indoor units. The sliding door here will 
provide an air flow to temper the indoor temperature. A well thought cohesion between ventilation 
and air cooling is made.  
9.6 Insulation and Wall Finishing 
One of the main reasons why insulation is important for the sea container building is to control the 
interior temperature inside the container. The building could either be scorching hot in the summer 
or freezing cold in the winter even though in the mild temperature of Vilanova. By insulating also, 
one can protect it from condensation and damp. This could prevent the container from rusting. 
Metal corrosion could lower the lifespan of a sea container and if a repair is needed, it could take a 
lot of time and is very expensive. These reasons seem to be enough to clearly show the importance 
of insulation for the sea container building. 
As metal is believed to be a good sound reflector, a proper insulation could minimise the sound echo 
inside the container since it possibly could absorb some of the bouncing sound waves that cause the 
echo [60]. It also could contain sound from passing through the wall either the sound is coming from 
the outside or the inside of the container if the material is a good sound insulator as well. In addition 
to that, insulation should be given high consideration since one of the project’s objectives is to build 
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a comfortable working space. Having a perfect room temperature, an ideal interior relative humidity 
and an excellent sound proofing space would serve perfectly for that purpose. 
There are two methods to insulate a sea container building which are from the outside and inside of 
the building. The table below shows the pros and cons of both internal and external wall insulations.  
External Wall Insulation Internal Wall Insulation 
Pros 
 Could maximise the usage of internal 
space of the container for other purposes 
such as electrical installation and the 
placement of the furniture  
 Increase the energy efficiency of a 
building as least power is needed for 
heating or cooling the building 
 Could improve the external appearance 
by covering any imperfection presence on 
the container surface 
 Could minimize the amount of noise from 
the outside if the insulation is a good 
sound insulator as well 
 Could help warmth the interior by 
releasing back the stored heat into the 
building    
 Can be painted with any colour 
 
Pros 
 Easier to install compare to the external 
wall insulation 
 Increase the energy efficiency of a 
building as least power is needed for 
heating and cooling the building 
 Doesn’t need any permission to install 
 
 
Cons 
 Probably an extended roof is needed to 
prevent moisture from entering the space 
between the wall and the insulator. This 
may add cost to the project  
 Possibility to require planning permission 
if the insulation is not in local building 
code.  
 
Cons 
 Would lose the limited space inside the 
container. Normally it could take space 
up to 6cm on the roof and sides of a sea 
container.  
 Could have penetrating damp issue due 
to improper installation 
Table 2: Pros and Cons of Both Internal and External Wall Insulations [61] 
The term U-value is used to measure the effectiveness of a material as an insulator in buildings. It is 
also known as thermal transmittance. Generally, the lower the U-value, the greater the insulating 
effectiveness [62]. To determine the most efficient and economical insulation to use in this project, a 
research on the materials of insulation for both internal and external wall has been done (see 
Appendix J).   
Interior Design                        68 
EPS 2017 – FINAL REPORT – SEA CONTAINER BUILDING  
The table below shows the translated and simplified version of the minimum requirements of U-
values in Barcelona according to Código Técnico de la Edificación (CTE) (see Appendix K). It could be 
assumed that as long as the potential insulations have equal U-values or lower than the values stated 
in the table, the building insulations have met the requirements. 
 
As the result from the research, at first, using cork for exterior wall insulation seems could provide 
more benefits than the other type of insulation especially to the environment but it is feared that it 
may cause an unwanted problem if it is used. Due to the wavy surface of the sea container and 
board’s flat hard surface, there will be air gaps left in between the expanded corkboard and the 
surface of the container. There is a doubt that these air gaps might cause condensation in the future 
and this is something that should be prevented.  
Besides, concerning the price, cork’s price for insulation use in Barcelona is not as cheap as expected, 
even spray polyurethane foam (SPF) seemed to be cheaper than the cork insulation. According to the 
Cork Shop BCN website [63], the price for cork insulation board is believed to be about 19.2 € 𝑚2⁄  
for 50mm of thickness. Meanwhile for the same amount of thickness, the SPF’s price appears to be 
just around 6.75 € 𝑚2⁄  [64] and not to mention it gives superior U-value than the cork insulation.  
That’s not including yet the additional cost that is needed to build the extended roof if cork 
insulation is used as it is possibly required to cover the top part of the cork insulation to prevent 
water from entering the gaps between the cork and the wall in case of rain.  
Indeed, the cork insulation is more environmental friendly compare to the SPF. However, as this 
project’s budget also should be given high priority, plus as a precaution to the air gaps problem 
mentioned before, it is decided that closed cell spray polyurethane foam (ccSPF) insulation is going to 
be used in this project as the internal wall insulation.  
Table 3: Required U-Values in Barcelona 
 Zone C 
(Barcelona) 
Walls 0.73 𝑊/𝑚2𝐾 
Floors 0.5 𝑊/𝑚2𝐾 
Roofs 0.41 𝑊/𝑚2𝐾 
Figure 76: Barcelona is in Zone C 
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The reasons why the closed cell spray polyurethane foam (ccSPF) is chosen, apart from leaving no 
gap between the insulation and the container wall that could minimize the risk of condensation, are 
because it could provide superior U-values with minimal thickness of insulation compare to other 
materials and seamless vapour barrier that could prevent corrosion and formation of mould on the 
surface of the container. It could increase the structural strength of the sea container building itself 
as well. Furthermore, it doesn’t attract pest which is important as green roof is going to be used in 
this project. As it is also a good air barrier, it could improve indoor air quality by preventing the 
penetration of dust, pollen or other allergens and reduce the noise transfer from the outside. Last 
but not least, it is claimed that it could absorb the sound or in other words could help in reducing the 
echo problem and appears to be the best insulation considering the usage of sea container in this 
project [65].                   
Some calculations are made to estimate the minimum thickness of ccSPF needed to achieve the 
required U-values in Barcelona according to the table and the calculations are shown below. The 
thermal conductivity of SPF used in this calculation is when the SPF already stabilized to guarantee 
better performance of the SPF insulation in the future: 
𝑈𝑣𝑎𝑙𝑢𝑒 = 1/𝑅   𝑅 = 𝑒/𝜆 [64]  𝑒 = 𝜆/𝑈𝑣𝑎𝑙𝑢𝑒 
𝜆 = Thermal conductivity of ccSPF, 𝑊/𝑚𝐾  = 0.028 𝑊/𝑚𝐾  (stabilized) [64] 
U value required = 0.73 𝑊/𝑚2𝐾 , and 0.50 𝑊/𝑚2𝐾, 0.41 𝑊/𝑚2𝐾 
R = Thermal resistivity, 𝑚2𝐾/𝑊   
e = Minimum thickness of ccSPF needed, m 
For 0.73 𝑊/𝑚2𝐾 (Walls) For 0.50 𝑊/𝑚2𝐾 (Floors) For 0.41 𝑊/𝑚2𝐾 (Roofs) 
 𝑒 =
0.028
0.73
= 0.0383𝑚 =
38.3𝑚𝑚 
 𝑒 =
0.028
0.50
= 0.0560𝑚 =
56.0𝑚𝑚 
 𝑒 =
0.028
0.41
= 0.0683𝑚 =
68.3𝑚𝑚 
 
To conclude, the minimum thickness of ccSPF needed to achieve the required U values of the walls, 
floors and roofs are 40mm, 60mm and 70mm respectively. The estimated price for spray 
polyurethane foam will be searched by referring to these commercial thicknesses.  
Sound Insulation: Airborne sound & Impact sound 
There are two types of sound insulation in buildings which are airborne sound and impact sound: 
a) Airborne sound is sound that is transmitted through the air. When the travelling sound 
waves reach a building element, they will vibrate and the vibrations will travel through the 
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element and are radiated out the other side [66]. People’s voice, sound from television or 
radio, dog barking on the street and the sound coming from the traffic nearby are some of 
the examples of airborne sound transmissions sources [67].  
The airborne sound from the exterior of the sea container building is believed could possibly 
been taken care of by the spray polyurethane foam (SPF) insulation as it is a good sound 
barrier [68]. However, for the interior, additional sound insulation material appears to be 
essential to be installed between the interior walls and the ceiling of the ground floor in 
order to create a tranquil working environment.  
Thus, to serve for this purpose, cotton insulation panel seems to be a good choice as it is an 
excellent acoustic and even thermal insulation, biodegradable and also has ability to self-
extinguishing fire [69].   
b) Impact sound is the sound arising from the impact of an object on a building element like 
wall, floor, or ceiling. This impact sound is normally coming from footsteps, jumping, and 
dropped objects. This type of impact causes both sides of the building element to vibrate, 
which generates sound waves that transmit the impact sound [66].  
Impact sound should be prevented because it is believed that it could reduce someone’s 
productivity and increase the blood or stress levels of a person [70]. There are a few ways 
that could be done to minimize the impact sound in the sea container building [70]:   
 Installing a false / suspended ceiling system or raised floors to improve impact sound 
insulation. 
 Installing soft carpets could be effective at reducing middle to high level frequencies, 
but are less effective at isolating low frequency sound. 
9.7 Suspended ceiling  
A suspended ceiling is a secondary ceiling installed under the original ceiling of a building, very 
popular in offices and commercial structures [71].  It is an effective way to hide cabling and pipes for 
a good-looking finishing. A suspended ceiling consists of a metal framework (Figure 77) and panels 
(Figure 78) within the frame, hence they are handy and easy to install. There are a big variety of 
styles and colours available, so the design can be customised to the purpose of the room and the 
wishes of the user.  
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Figure 77: Suspended ceiling framework [72] 
 
Figure 78: Suspended ceiling plates [72]  
9.8 Flooring  
Except for the access areas, vinyl flooring will be used in the resting part of the building because of 
the variety of styles and colours and the acoustic aspect. The average amount of sound insulation of 
the different kinds of vinyl is 17-19 decibel. [73] 
There are many kinds of vinyl flooring, which all have their own benefits for the intended places. 
Below, different figures (Figure 79, Figure 80, Figure 81) will show vinyl floors with the intended place 
for every kind of flooring.        
 
Figure 79: Forbo Sarlon Complete Step, used exclusively on stairs  [73] 
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Figure 80: Allura Flex Decibel, mostly used in offices [73] 
 
Figure 81: Sarlon Sparkling acoustic vinyl, Improves hygiene and safety in a building [73] 
Access areas 
The entrance is an important part of a building. By using textile (Coral) floorings for access areas, 
maintenance costs will be lower; the appearance of the building will be the same throughout the day 
and prevents the entry of dirt and other contaminants. In other buildings, door mats are lay down to 
prevent dirt. However, in buildings with many people passing the door during the day a door mat 
outside is not enough. Research shown that 94% of the dirt in a building comes along with shoes and 
wheels. [73] 
This dirt can damage the floor and furniture, which can lead to health complaints on a longer period. 
Using a quality access area can lengthen the lifecycle of the flooring and furniture, reduce the 
maintenance and necessity of reparation. Figure 82 shows a textile flooring at an access area of a 
building.  
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Figure 82: Textile flooring, used for access areas [73] 
Floor layers 
Figure 83 shows the dimensions of the container wall dimensions. It shows the flooring has a total of 
15mm thickness. This includes the three different layers; a non breathable-underlayer, floor sound 
isolation layer and the vinyl finishing floor. The underlayer must be placed because of the possibility 
that the container floor is toxic. With this layer, the toxic will not be inhaled. The floor sound 
isolation layer must be placed for the reduction of sound, essential for placed as the cowork office. 
On top the vinyl-finishing floor will be placed, which also has its acoustic benefits. The main reason 
for the vinyl-finishing floor is to give the building a modern and sleek look, and the comfort to keep 
the building easily clean.   
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Figure 83: Dimensions flooring and ceiling 
9.9 Interior Design of the different sections of the building  
This chapter visualizes the designed building from the inside. Every figure will conclude an 
explanation which choices were made and why the building is designed this way. The first figures 
show the complete floors on both levels. After, the cowork offices, maker space, common spaces, 
kitchen/cafeteria and toilets are discussed.  
9.9.1 Overview both floors  
Figure 84 shows the complete ground floor interior design of the building with the different areas 
labelled. Later in this chapter the all the different areas will be shown in detail. The interior was 
influenced by the requirements, as the different uses were already determined. As visible in the 
image, the main entrance is located on the right side in the exhibition hall. From there it is possible 
to access the elevator or use the stairs to the 1. Floor. To the right of the main entrance/exhibition 
hall the maker space is located. To the left a hallway leads to the bar/cafeteria, the ground floor 
cowork and the toilets. There is a total of five doors to get into the building which are located at the 
main entrance, cowork entrance, cafeteria, hallway and the maker space. However, the door at the 
maker space is meant to be used only for supplying the maker space with machinery and stocks. The 
building contains two common spaces. One of them is located in the same area as the service point 
and the other common space is next to the cowork entrance, between the ground floor toilets and 
the cafeteria.     
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Figure 84: Interior Design – ground floor 
Similar to the ground floor Figure 85 shows the complete 1. floor interior design of the building with 
the different areas labelled. There are three ways to reach the first floor; the main stairs, the elevator 
or the stairs in the maker space. However, the stairs in the maker space should only been used by the 
people working in this section preventing the workers to be disturbed. While going up with the main 
stairs or elevator there are two ways to go: to the maker space or through to hallway. The first floor 
contains likewise the ground floor a toilet (same layout), the second level of the maker space and the 
second cowork office. Besides this there is a meeting room and a leisure area situated in the left wing 
of the building. The two rooms are separated by a movable glass wall makes it easy to extend the 
meeting room size. Furthermore, two balconies are located on the 1. floor. The small balcony is only 
accessible from the maker space. The big balcony is reachable through a main sliding door in the 
hallway or for the workers in the second cowork through a small balcony door.  
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Figure 85: Interior Design – 1. floor 
9.9.2 Cowork offices 
A survey from August 2016 was given by Neàpolis hoping the team could use it to find out the user 
needs of the new building of the project. For this specific project the survey which had already been 
conducted did not cover the specific fields which were required. The survey from Neàpolis is about 
indicators of creativity, innovation and technology and what the workers think would bring these 
factors to a maximum level. The importance and benefits of cowork offices came forward with this 
survey, but as the project brief already indicated that the office should be a cowork office, this was 
already decided. This was the reason for not using the survey and making another for this project to 
find out the end user (coworkers) needs. Both of these surveys can be looked up in the Digital 
Appendix.  
The new survey has been completed at different cowork offices in Vilanova I la Geltrú. The survey 
was available in English and Spanish so more people would be able to fill in the questionnaire. There 
were two problems why the survey did not go as planned. The communication was hard because the 
team did not have much skills in the Spanish language, while the coworkers had trouble with 
speaking English. Hereby the questionnaires were not fully filled in which makes them not valuable. 
Another problem was the availability of the coworkers. Since the people were busy with their jobs, 
not everyone had time to fill in the questionnaire. As a result, the response was lower than expected. 
Nevertheless, the results filled in by the six coworkers will be written in the following section.  
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Results 
The main reasons why the respondents like the cowork offices is the atmosphere in the office. They 
like the possibility to work with others and share their businesses. The possibility to communicate 
with other companies is a very important aspect for most of the respondents. However, the amount 
of people in a single office area should be no more than fifteen, according to the results.  
The respondents also said what they like about their current cowork office and the negatives of it. 
Most of the respondents like the big windows at the office which makes the office having a natural 
light, which is a good environment to work in. Also, the respondents like the modern look/layout of 
the office. These are two points which should be kept in mind while designing the new building.  
Things what the respondents do not like about the cowork office is the lack of privacy. The 
respondents prefer an area close to the office where they can speak out loud on the phone without 
disturbing other coworkers. Also, the lack of communal space is something what should be in mind 
while designing the new building. A communal space is something the respondents would like to 
have close to the office. The respondents like to have a big working space, with working trays or 
drawers to keep their properties ordered. This is something what is currently missing in their working 
area.  
Reffering to the requirements, the total amount of coworkers is 15. To respect the requirements two 
cowork offices are situated in the building. One of them is located the ground (Figure 86) with space 
for six people. There are two doors to enter the office. The main door is located towards the 
entrance/lounge area. Another small door lead to the hallway. The office contains a screen projector 
for good meeting oppertunities. The desks in both offices are equipped with shelves to store the 
properties of the coworkers.   
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Figure 86: Cowork office ground floor 
Figure 87 visualizes the big cowork office on the 1. floor, situated at the end of the building. There is 
twice as much space as in the cowork on the ground floor which adds 12 more workplaces. Thus, in 
total there are 18 cowork workplaces available in the new building which means it meets the 
minimum requirement of 15 people.  
 
Figure 87: Cowork office 1. floor 
Figure 88 details the meeting room and leisure area, which are greatly appreciated by coworkers, 
next to the office on the 1. floor. The middle wall between the meeting room and the leisure area is 
as mentioned a moveable glass wall when more space is needed for a bigger meeting.  
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Figure 88: Meeting room and leisure area 
9.9.3 Maker space 
Figure 89 shows the maker space on the ground floor. The container door has been untouched so it 
can be used for supplying the machinery, tools and stocks. After doing research to necessities of a 
maker space, a good indication was made of what the maker space should contain. The ground floor 
contains the biggest machinery, so this part of the building do not need extra reinforcements. The 
lighter equipments are located on the first floor, which is accesable using the stair inside the maker 
space. The ground floor maker space contains shelves, a milling machine, working tables with chairs, 
a small laser cutter, a big laser cutter and the stairs.  
Figure 90 and Figure 91 are showing the maker space on the 1. floor. with the lighter equipment 
necessary for maker spaces. This floor contains a drawing table, working tables, storage shelves, 
three small format 3D printers and working space. The stairs are coming up in the corner, illustrated 
through the rectangle.  
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Figure 89: Maker space ground floor  
 
Figure 90: Maker space 1. floor (1) 
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Figure 91: Maker space 1. floor (2) 
9.9.4 Common spaces 
Close to the main entrance, the service point is located in Figure 92, which is an central are which will 
be passed while getting to other parts of the building. This area contains a sevice point to inform 
visitors and functions as a reception. Next to it a waiting area is located where it is possible to get 
drinks from the vending machine and a water cooler with a few chairs to wait.  
 
Figure 92: Service Point in detail 
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Figure 93: Entrance cowork in detail 
Figure 93 shows the entrance for the coworkers with a small lounge area. Workers or visitors can sit 
there, waiting or having a conversation without disturbing others in the cowork office. The 
bar/cafeteria and toilet is connected with this area  
Figure 94 views the two possible options where to go from the gallery of the 1. Floor. On the right 
side the 1. floor entrance to the maker space is shown and on the left side the hallway which leads to 
the cowork office, the meeting room, balcony and the access to the toilets on this level.  
 
Figure 94: Gallery 1. floor 
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9.9.5 Kitchen/cafeteria 
Figure 95 shows the layout of the kitchen which contains a electrical cooking pit, an oven/microwave, 
dish washer, sink, two low refridgerators and storage for the cooking tools and dinning items. The 
kitchen is located next to the dining area and has its own glass door, as shown on the figure below.  
The dining area (Figure 96) is an open place with modern wooden furniture to give it a sleek look, but 
keeps the looks of a bar.  Inside there is place for sixteen people which fits the requiremtents 
comfortably. The bar/cafeteria has its own entrance door consequently people who are not active as 
coworkers at Neápolis can also take advantage of the food and drink services.  
 
Figure 95: Kitchen 
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Figure 96: Bar/cafeteria in detail 
9.9.6 Toilets 
The building contains two toilets services, one on each floor. The toilet on the ground floor is located 
next to the lounge area and is accesable for all users of the building. There is a mixed toilet for men 
and women and a toilet for disabled people, respecting the requirements. The toilet on the 1. floor is 
designed the same way and is also placed in a common area, next to the elevator and escalator.  
 
Figure 97: Toilets ground floor 
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Figure 98: Toilets 1. floor 
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10 Construction Process 
As described in the introduction one of the main tasks besides the design itself and the structural 
analysis is the planning of the construction process of the designed container building. Especially 
because the building consists of containers there are some special and different steps compared to 
the construction processes of normal concrete buildings. It is important to plan the different stages 
to be aware of which steps have a direct connection to one or more previous steps and which tasks 
can be done simultaneously. In the following chapters the construction process is described using a 
Gantt chart. The software to create the Gantt chart is called “Gantt Project” and is available for free 
on the Internet. This is essential to access the Construction_Process.gan file that is included in the 
Digital Appendix.  
10.1 Overview Construction Process  
First of all a complete overview of the construction process is shown in Figure 99 to demonstrate the 
amount of different activities and to visualize the necessary time for each activity. The times are 
estimated by using former projects of the team members, research on the Internet about container 
construction and discussion with project supervisors. Arrows indicate tasks that have a direct 
relationship to each other.  
 
Figure 99: Timeline Construction Process 
It is estimated that over all the construction period it is necessary to employ one construction 
manager/engineer, 8 general construction workers and for a smaller period of time electricians, 
plumbers and insulation specialists. The calculation of their salary and overall workdays is shown in 
detail in the Chapter Staff salary. For the complete process a 5-day workweek with an 8h workday is 
assumed. That means the duration of the building process will be approximately 7 weeks excluding 
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theoretical holidays. Comparing this estimated time to the construction of “classic” concrete 
buildings which takes about 5 months, the construction time is reduced by approximately 50%.  [74] 
10.2 Site preparation and Foundation 
Before the actual construction can start, site preparation work has to be done. As it is shown in 
following Figure 100 the site preparation is the first task. This task should be done within one day.  
 
Figure 100: Timeline Detail Site Preparation and Foundation 
To ensure the safety of inhabitants of Vilanova i la Geltrú it is necessary to set up construction fences 
around the area where the building will be placed on the plot. Fencing the entire plot would not be 
practical therefore it is recommend to only fence around the actual building site, storage and 
preparation area of the containers. This will require approximately 190m of fencing.  
At the same time the accurate construction area can be marked for the following digging and 
foundation process as well as the placement of the mobile office for the construction manager and 
containers used as storage and break rooms for the workers. Meanwhile the mobile crane can be 
located which is necessary for some parts of the foundation and the stacking of the containers. The 
location of the crane placement is illustrated in Figure 101.  
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Figure 101: Placement of mobile crane 
It is important to choose a crane that is capable of carrying at least 4-5 tonnes over a radius of 40m, 
so the crane can stay at the shown position all the required time. In the Digital Appendix the PDF 
document (Crane_Technical_Sheet.pdf) suggests a suitable mobile crane for this project.  
The Foundation itself consists out of two different types as already explained in Chapter Foundation 
and Sewage. After the digging, the pouring of the concrete for the slab foundation and the wells can 
start. The largest amount of time spent in this section is the drying of the concrete. In general it takes 
about 5-7 days till the concrete with the steel reinforcements is dry so the containers can be placed 
on top. During the drying the digging for drainage and sewage can occur. After all these mentioned 
tasks the site preparation is finished.  
10.3 Transportation, Storage and Preparation of the Containers  
For transporting the containers to their final destination several methods are available. The most 
common way to transport containers is by ship or railroad and later by truck. But the best way to 
transport the containers in this case is via truck and placing with the pre-located mobile crane. This is 
the best option due to the space available on site and it is also the easiest way to transport because 
there is no need to reload and transfer the containers from one transportation method to the other. 
Purchasing the containers in the near surrounding is possible either from Barcelona or Tarragona, 
both cities are located within a 50km radius of Vilanova i la Geltrú.  
The delivery of the containers should occur in two stages and from the back of the plot (as illustrated 
in Figure 102) so the mobile crane does not have to be relocated.   
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Figure 102: Delivery, Storage and Preparation of the containers 
 
Figure 103: Timeline Detail Transport and Preparation Containers 
In the first stage only the containers for the ground floor will be delivered and afterwards pre-cut 
which will safe time in the later on process and it is easier to cut big sections of the wall at this point 
while the containers are separated and not joined with each other.  
In countries where container buildings are more common than in Spain like the US, the UK or 
Australia companies have been established focusing on preparing and offering model houses made 
from containers as well as developing individual container home designs. A company list with web-
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links to these companies can be found in the Appendix L. In the case of this project there is no 
company, as far as the research is right, in the near of Vilanova I la Geltrú which is offering a 
complete service on container buildings. Hence all the work on the container has to be done at the 
plot and by different subcontractors.  
While cutting the container walls it is highly recommended to cut in small parts or to be sure the wall 
will fall in a chosen and predictable direction because if cutting the wall in once the falling part could 
be unquestionably heavy.  
 
Figure 104: Cutting windows and doors [75] 
To cut the container wall there are three main methods:  
 Cutting disk (slow, low cost, uneven) 
 Reciprocating saw (slow, middle cost, uneven)  
 Plasma cutter (fast, higher cost, straight & clean) = recommended  
After the major openings are cut it is essential to reinforce the container walls but also the container 
structure (Figure 105).  
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Figure 105: Container reinforcements pattern 
The window and door reinforcements will be done with welding rectangular pipes (Figure 106) to 
simultaneously function as frames for the windows and doors while reinforcing the container.  
 
Figure 106: Rectangular pipe (left) [76] for door and window frames (right) [77] 
Containers with walls completely removed will be reinforced in the placed location. 
The same happens with the containers for the 1.Floor after the ground floor containers are located 
on the foundation. This solution makes it easier to store the containers on the plot while the 
concrete is drying because less space is needed.   
Construction Process                        92 
EPS 2017 – FINAL REPORT – SEA CONTAINER BUILDING  
10.4 Exterior Work 
The Exterior Work is divided in a variety of different tasks as it is displayed in Figure 107.  
 
Figure 107: Timeline Detail Exterior Work 
The whole building process starts with the placement of the containers assisted by the mobile crane. 
Firstly the containers of the ground floor toilet and the coworks will be placed. Secondly the 
containers of the coworks entrance and the bar/cafeteria area will be lifted in their right position. 
The process will continue in this direction until the exhibition hall (rounded section) is reached. The 
following list is showing the 7 steps. It is recommended to follow this direction so there are no 
objects (containers) in the way of the crane movement and it is not necessary to lift containers over 
another.  
 
A. 1 Container Toilet (Ground Floor)  
B. 2 Containers Cowork (Ground Floor) 
C. 2 Containers Entrance Cowork 
D. 3 Containers Dining Area & Hallway 
E. 2 Containers Kitchen & Hallway 
F. 3 Containers Exhibition Area 2  
G. 4 Containers Maker Space (Ground Floor)  
The exhibition hall will be built up after both container floors are stacked because it is necessary to 
attach the steel structure to all the adjacent containers on both floors.  
While the ground floor containers of the maker space area are placed the welding of the containers 
to the foundation and the neighbouring containers of all the previous placed containers could take 
part. For welding the containers together it is advisable to use a flat steel to fill the small gap 
between the containers. Figure 108 visualize how the welding of the containers should look like it. At 
the front and the back the containers are only welded with small steel plates at the corners of the 
structure.  
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Figure 108: Welding the containers together [78] 
The order of the container placement on the first floor matches the sequence of the ground floor. 
The stacking also begins with the coworks’ containers and follows the same direction towards the 
maker space.  
A. 4 Containers Cowork (1.Floor) 
B. 1 Container Meeting Room (next to cowork) 
C. 1 Container Leisure area 
D. 2 Containers Hallway (1. Floor) 
E. 1 Container Toilet (1. Floor) 
F. 3 Containers Maker Space (1. Floor)  
After the both floors of the containers are built up and the containers are welded, the construction 
of the rounded exhibition hall and main entrance can start. This part of the building is not made out 
of containers, in this case a steel frame/structure is used which will be cladded likewise the Neàpolis 
building with sheet metal.  
In the next step the necessary reinforcements of the container take place. The reinforcements, of the 
complete structure are made with I-beams (dimensions depending on the load of the building). 
These I-beams are welded to the structure of the container and the roof, to ensure that the building 
can take the loads that are brought in by the windows, the green roof, all the interior equipment, the 
users and more.  
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Figure 109: Welding window and door frames (left) [79] & reinforcements (right) [80] 
Once the complete construction is reinforced the construction of the balconies can begin. For the 
overhanging part of the balcony and the general structure I-beams are required. These beams will be 
welded to the containers underneath to ensure the load capacity. On top of the beams the actual 
balcony floor under structure will be mounted and then the floor itself can be installed. Figure 110 
displays the set-up of the wooden balcony floor.  
 
Figure 110: Balcony structure and floor [81] 
Subsequently the balcony railing can be put into place and connected to the floor and the container 
walls at each end. Both balconies will receive a glass railing hold together by small metal poles as 
shown in Figure 111.  
 
Figure 111: Balcony railing of the maker space balcony (left) and the main balcony (right) [82] 
Next the installation of windows and doors as well as the glass in the two big glass cube sections is 
started. The big glass cubes are held together with a small steel structure made out of small 
rectangular steel pipes. The dimensions of the glass cube structure must be further calculated.  
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Placing the green roofs on the part of the building is only achievable if all previous steps concerning 
the structure of the building are finished. Otherwise the structure could fail because the green roof 
adds almost another 1500kg. (https://www.sky-garden.co.uk/shop/full-systems/wildflower-blanket-
system.php) of weight per container.   
The last but not least step for the exterior work at the building itself will be the outside finishing 
which means the applying of the cladding to the outside container wall and the painting in the 
chosen colours afterwards.  
As the last step of the complete construction process the terrace the central square and the planting 
of grass and trees can start but this will begin first after the interior is almost finished otherwise it 
might be destroyed. This explains the big gap in the Gantt chart detail (Figure 107).  
10.5 Interior Work  
Like the exterior, the process for interior construction is divided into a variety of different tasks. 
Figure 112 visualizes the details of the interior work and which tasks depend on each other. 
 
Figure 112: Timeline Detail Interior Work 
Prior to the insulation of the walls and the roof, all the cuttings for the utilities have to be made. In 
the second step the steel supports for the insulation have to be installed thus the sanitary pipes, the 
electricity cables and all the other facility wiring (HVAC) can be attached to the frame by the 
construction workers and electricians.   
The Insulation of the walls and the roof consists of three different parts as already explained in 
previous chapters. 
1. Steel support (already installed at this point) 
2. Spray foam insulation (SPF Polyurethane) 
3. Strand board panels  
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Each step has to follow the other. For this part of the construction process insulation specialists are 
required. The insulation of the floor will take place at another step in combination with the flooring 
itself. After the wiring and piping is finished the spray foam can be applied to the structure. Figure 
113 illustrates this process.  
 
Figure 113: Insulation Steps 1. frame (left), 2. spray foam (middle) [83] and 3. strandboard panels (right) [84] 
On the left side the frame (in this case a wooden frame is used, but the way stays the same either 
steel or wood frame) with the attached cabling and piping is shown, in the middle the second step 
the spray foam insulation is applied in between the frame to the container wall and on the right side 
the fully insulated container with the strandboard panels give the container walls a straight surface 
and look. The roof insulation will be the same as the wall insulation only the finish will look different. 
For the ceiling a general office ceiling is used which offers more space and the possibility to lay and 
change electric cables during the use life of the building.   
At this stage the created electrical plans make the installation of the electricity in the building easier. 
By referring to the electrical plans (Appendix H), all location of the switches and outlets could be 
marked inside the container after the process of cutting and reinforce the walls of the container. 
Then, framing process of the container can take place with taking into accounts all of the locations of 
the outlets and switches [43]. As the next step, three electrical cable lines housed in a plastic tubing 
will be installed according to these marked locations behind the finishing board [43]. 
In the ground floor at this stage the extra inside wall, separating the Kitchen and the hallway, as well 
as the electric room can be built up. For both issues, plasterboard walls are used. Plasterboard walls 
are built up by a steel frame and plasterboard finish. The advantages of these walls are: 
 Cheap 
 Easy to built and easy to remove 
 Very thin 
Because none of the facility wiring must be covered this kind of wall is suitable for the mentioned 
issues. Figure 114 views the set up of such a wall.  
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Figure 114: Plasterboard wall [85] [86] 
When all the walls and the roofs are finished all the power plugs, the sanitary outlets, the lights and 
all the electrical components which are not standing on the floor (e.g. the air conditioning) can be 
finished.  
After the previous steps the stairs in the exhibition hall and the maker space as well as the elevator 
can be build in. For all the previous steps, construction stairs are in use as a reason to not destroy the 
real stairs by the workers and possible falling obstacles.   
One of the last steps in the interior process is the flooring. Firstly the floor is covered with a non-
breathable underlayment (Figure 115) like it is installed in almost every normal building roof. Over 
the previous layer a noise absorption foil will be placed and finally the top layer, the vinyl floor will 
finish the look.  
 
Figure 115: Non-breathable flooring underlayment [87] 
Once the flooring in the kitchen area finished the installation of the shelves, the sink and all the 
electrical components of the kitchen can take part.   
Before putting all the other furniture and electrical machines, especially in the maker space it is 
recommend to paint the walls.  
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The penultimate step is the installation of the interior doors which could be a handicap for placing 
the furniture if installed earlier.  
Last but not least the interior has to be cleaned and checked for errors. If this is done the outside 
finishing of the surrounding can be take part and the building can be signed off. 
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11 Cost Estimation  
One of the main parts while planning a construction are the costs, especially in this project it is of 
high interest how many costs a container building will incur, to compare it afterwards against a 
normal classic concrete or steel construction. At this point it is good to remember the requirement ID 
5.1 that no fix budget is given.  
In this project the costs are only an estimation made by the project team by researching prices for 
the main parts of the building, mainly on the Internet. No real local construction companies were 
contacted and asked for particular prices but a list of local companies offering different necessary 
services to construct the building can be found in Appendix L.   
The complete cost calculation is done within Microsoft Excel. The cost calculation excel sheet can be 
found in the Digital Appendix. Table 4 displays the general organization of the main sheet. In this 
report the column with the references will be left out but all references can be looked up in the file 
itself. To be consistent each price has a reference.  
 
Table 4: General Organization of the cost estimation excel sheet 
Furthermore the excel file contains four more subcategory sheets which delivering the cost for 
electrics, the calculation of inside and outside wall, roof and floor areas as well as the estimation of 
the amount of reinforcements and frame structure (see Figure 116). This sub-sheets delivering 
numbers to the main cost calculation which are connected.  
 
Figure 116: Subcategory sheets cost calculation 
In the following subchapters the main cost centres are split to give a detailed insight into the 
calculation and to clarify where the main costs come from and how they are estimated and 
assembled.  
11.1 Purchasing and transportation costs of container 
Purchasing containers is possible almost everywhere in the world, although they are mainly 
produced in China. In the surrounding of Vilanova i la Geltrú the nearest purchasers were found in 
Barcelona and Tarragona, both cities are approximately 50km distance. A decision has to be made 
between new containers and used containers. In this project the decision is in favour of used 
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containers because of the lower price and the ecological aspect of recycling. Researches on this have 
been made but will not be explained in this report.  
Table 5 shows the estimated costs for purchasing and transporting the 29 20ft HC containers, which 
are used for the design, from a 50km distance to the building plot. It also illustrates the price 
difference between used and new containers (light grey). As it is written in the comment column for 
the transportation the price for the transportation is estimated with the help of an American 
container home website. It is obvious that the delivery will take a significant amount of money. 
Transportation by train or ship would be possible and might be cheaper but is not researched due to 
limited time and knowledge.  
 
Table 5: Costs - Purchasing and transportation of containers 
Together the purchasing and the transportation of the containers will add up almost 90.000 €.  
11.2 Cost of site preparation and foundation 
The costs for the site preparation and the foundation are similar to those of normal concrete 
constructions as it is already mentioned in the construction process. The main costs in this category 
will come from the foundation. General Work and Sewage & Drain Piping will account for a minor 
amount. 
The sizes of the concrete piles for the “foundation on wells” along with the slab foundation are 
estimated with a Belgium engineer’s blog, several container home websites and the weight of the 
whole construction. Nevertheless the numbers are not 100% precise but good enough to give an 
estimation for the costs. For details see Table 6. 
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Table 6: Costs - Site preparation and foundation 
In total this part of the construction process will cause expenses about 30.000 €.  
11.3 Costs of exterior work 
General construction costs (exterior work costs) is one of the biggest cost centre in this project. This 
part is comparable with the shell of classic concrete buildings and is split up in another six 
subcategories (see Table 7).  
 
Table 7: Costs - Exterior Work 
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For the modifying of the container especially for the cuttings and openings for the windows and 
doors a package price is estimated by the project team. For the frames the width and height of all the 
windows & doors are added up. The amount, length and dimensions of reinforcements are taken out 
of the structural analysis. An estimation of this part is difficult due to the fact that building with 
containers is not very common in Spain compared to other countries like the United States and no 
specialised companies exists in the surrounding of Vilanova i la Geltrú.  
Under the subcategory “General” all part of the exhibition hall plus the stairs in the maker space are 
included. The costs for the exhibition hall are estimated by Félix Ruiz Gorrindo (Neàpolis) because the 
normal way to receive a price for this special part of the building (contacting a specific company) was 
not possible at this stage. Also the elevator, included in this part of the building, is listed in this 
category and estimated with Internet references.  
Furthermore all the doors located towards the outside of the building are catalogued here. The main 
entrances at the exhibition hall, the ground floor cowork office and the door to the central square 
are equipped with electric sliding glass doors commonly used in new office buildings and shops. All 
the other doors are manually operated.  
The next subcategory contains the glazing for the two big glass cubes on the first floor where the 
meeting room and the leisure area are located.  
All the windows which will be installed throughout the construction are clustered afterwards. Care 
was taken that the windows are standardized windows available on the Spanish market to keep the 
expenses low otherwise customized windows would be needed which would increase the costs 
rapidly.  
The last but not least part of the exterior work category is the outside finishing. This group contains 
the cladding of the container walls with thin cork panels from the outside to hide the wavy steel 
structure, the painting of the entire exterior as well as the balcony floors and the railing. For the 
balcony a dark wooded floor and a glass-aluminium railing is suggested.  
Summing up all the costs in this category 95.000 € can be added.  
11.4 Techniques costs  
In the techniques section all the electricity wiring, the air conditioning and further the sanitary piping 
with the required water-heating tank are recorded. With an amount of about 31.000 € (Table 8) this 
part should not be underestimated.   
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Table 8: Costs - Techniques 
11.5 Costs of interior work 
The interior subcategory contains all the wall finishing (insulation and painting), the ceiling with lights 
and flooring as well as the doors to the toilets, coworks and maker space and extra walls. In this 
section the main cost points are the flooring, the ceiling and the movable glass wall which separates 
the meeting room and the leisure area from the hallway in the 1. Floor.   
 
Table 9: Costs - Interior 
11.6 Equipment and Furniture costs 
11.6.1 Costs Cowork 
The working desks, the office chairs and the shelves basically compose the furniture costs for the two 
coworks. All other equipment, like computer and electrical devices are in general not provided in a 
cowork. Consequently the costs of 6.000 € are relatively low.  
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Table 10: Costs - Coworks furniture 
11.6.2 Costs Common Areas 
In the common areas which include both entrance areas (coworks & exhibition hall), the hallways, 
the meeting room and the leisure area, the costs cover tables, chairs & seats, water cooler and a 
projector for the meeting room. Table 11 lists all the items and summate 4.700 €.  
 
Table 11: Costs - Common areas 
11.6.3 Costs Bathrooms/Toilets 
The toilets in the building are simple equipped and the costs are listed in the following table (Table 
12) 
 
Table 12: Costs - Toilets 
11.6.4 Costs Bar/Cafeteria with Kitchen  
The fact that the Bar/Cafeteria will be open to the public makes it necessary to built in an industrial 
kitchen which rises the price compared to normal household kitchen a little. Nevertheless the tables 
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and chairs in the cafeteria area and components of the kitchen constitute only a small amount 
(approx. 9.000 €) of the total building costs.  
 
Table 13: Costs - Bar/cafeteria 
11.6.5 Costs Maker Space 
The maker space with its expensive machinery is one of the biggest cost centres in this project. As it 
is visible in Table 14 the laser cutters and the milling machines add up together more than 50.000 €. 
In contrary the other necessary furniture is relatively economical. In the maker space computers will 
be provided (contrary to the cowork) because they are mandatory to use the laser cutters, 3D 
printers and the milling machine.    
 
Table 14: Costs - Maker Space 
11.7 Costs for the surrounding  
To achieve a comfortable working environment and adapt the rest of the plot which is not used for 
the building to the surrounding; grass, a number of plants and a terrace/central square is needed. For 
this category a few numbers are estimated to procure an approximately expense. This calculation 
should not be taken too seriously; it highly depends on the kind of grass, the type of plants and 
stones used.   
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Table 15: Costs - Surrounding 
11.8 Staff salary 
Almost all the previous calculated costs do not include the salary for the staff that is fundamental to 
establish the building. On the basis of the construction process planning it is estimated that over all 7 
weeks of the construction 8 general construction workers, at least one construction 
manager/engineer who is supervising the project and at specific moments individual specialists for 
different tasks are needed. Table 16 includes the different essential workers with their approximated 
hourly earnings multiplied with the work time during the project.  
 
Table 16: Staff salary 
11.9 Total costs – comparison 
All the previous calculated costs added together plus a small amount for the overall finishing (Table 
17) will lead to the overall costs of the construction.  
 
Table 17: Costs - Finishing 
In Table 18 all the previous cost centres with their total summation are listed. In the third column the 
percentage of the individual task costs compared to the total amount of the construction costs is 
specified. As it is visible several categories add a higher amount of expenses to the total costs than 
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others. The differentiation and listing in this way makes it easy to identify the tasks with the highest 
costs.  
 
Table 18: Costs - Complete clustered in cost centres 
In this case the exterior work takes about 25% of the total costs, followed by almost 20% purchasing 
and transporting the containers, around 14% salary and 13% for the maker space machinery and 
furniture.  
Because of the high costs of the maker space interior the total building costs are also listed without 
this category. And the last row in Table 18 displays only the construction costs without any interior.  
Comparing the calculated prices for the container construction to the expenses of a classic concrete 
building, saving money while using containers is a big aspect. Using a general number for concrete 
buildings in Germany which is stated with 1.400 € per m2 (without interior) [88] the same size 
building within an effective interior area of 490 m2 would cost 686.000 € which means the container 
building is almost half the price (56%) (see Table 19).  
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Table 19: Comparison Container building vs. "normal" building 
To eventually reduce the costs it is possible to choose less expensive solutions, especially in the 
interior, e.g. exchanging the glass walls (permanent and movable) in the meeting room/leisure area 
to plasterboard walls. Furthermore if the original exterior look of sea containers is preferred the 
cladding can be dispensed and only a special painting is needed.  
Altogether it was taken care that the relation between high quality comfortable working space and 
costs is balanced.  
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12 Conclusion and Outlook  
This present report shows it is possible to construct an innovative multifunctional building using 
mainly sea containers. But it is also not as simple as it looked in the beginning. A lot of different 
aspects must be taken into consideration and have to be respected. 
Before the project had started a lot of research was done. Many different examples all over the 
world show that almost every design is possible. In most of the cases how the final solution will look 
depends on the plot, the urban regulations and of course the budget.  
The urban laws have been considered in this project and even if it is not permitted to build on the 
plot right now several solutions to change this circumstance are given. The site itself is well suited for 
a container construction - a lot of space is available to establish the building as well as to prepare the 
containers before stacking. 
As the project progressed the requirements changed slightly leading to various design ideas, these 
sketches eventually became one final design which all the stakeholders agreed to move forward 
with. The new multipurpose building is now offering space for at least 30 people to work, create and 
innovate. To achieve this the property covers two cowork offices, a maker space, a café/bar and an 
exhibition hall in the interior and appears with a clean, innovative but also modular design 
harmonizing with the surrounding. Furthermore eco-friendly aspects like green roofs and renewable 
energy supplys were examined and implemented when they were economically viable.  
To ensure the stability of the construction several parts of the building were analysed and tested in 
Solid Works. While this proves the stability of the building with several reinforcements as a first 
approach a further professional structural analysis must be performed. The same applies to the 
foundation calculation. With no exact data given on the ground resistance or composition a profound 
foundation calculation was not possible. However with the received information recommendations 
towards a foundation on wells in combination with a slab foundation in two areas (exhibition hall & 
water heating room) can be given.  
After the designing the complete construction process was planned out – including the entire process 
from digging and pouring the foundations to the furnishing of the interior. This planning shows that 
the construction time can be reduced by more than 50%, from 5 months to 2 months, compared to 
classic concrete buildings.  
Based on all previous challenges and collected information the costs of the construction were 
estimated. Also the cost calculation shows a 40% saving of expenses compared to classic concrete 
buildings even when using quality products. However a reduction of the price is still possible by 
exchanging furniture and walls with low cost solutions.  
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In conclusion a lot of advantages of container buildings stand against a few but serious 
disadvantages. The disadvantages – toxic indoor flooring, space regulations, knowledge of container 
constructions – have to be kept in mind when making decisions if building with sea containers or not.  
Advantages Disadvantages 
Time saved during construction due to the 
frame already being in place 
Local Regulations around a container building 
could restrict it 
Cost of container building is typically less Condition of a used container 
Modularity and expandability of a container 
design is typically easier 
Limited shape of a container requires modification 
to make a workable space 
Eco-friendly if repurposing containers Toxic pesticides used on the floor of containers 
Available worldwide due to global shipping 
industry 
 
Table 20: Advantages and Disadvantages – Container building vs. classic concrete building  
Besides all the achieved tasks there is still a small amount of tasks that were considered as optional 
but have to be done before making a decision and starting the construction process.  
Following are the next steps that have not been included in the report are listed.  
Firstly a detailed structural analysis of the entire building was not made – but has to be made – as 
Neàpolis did not require this and only wanted a confirmation that the building was structurally 
secure.  
Secondly a professional analysis of the ground resistance was not performed, only the given 
approximated numbers were used to calculate the foundation specifications. This has to be done to 
ensure the stability of the building and calculate the dimensions of the foundation structure.  
Thirdly a detailed fire proofing and evacuation plan has not been completed.  
Furthermore accurate details of the electrical requirements are not completely known, details such 
as the exact sizes of electrical wiring, the connection to the main electrical supply and the exact size 
and model of electrical server needed is not known.  
Also the grounding of the building should be researched properly to protect from lightning strikes.  
Last but not least the approval from the local council for the building plot has not yet been secured. 
Even though there are some missing parts to finish the project entirely, the team achieved all of the 
main goals set out by Neàpolis. All stakeholders - the team members, the supervisors and Neàpolis 
are very satisfied with the outcome of the project and hope that the project will be continued after 
the EPS 2017 and is fully completed in the near future.  
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Appendices 
Official Project Brief 
The Outcome of this project is to design a cowork using sea containers. The main goals to be fulfilled 
are the following:  
1. The general design of the construction has to be attractive.  
2. The urban norms that correspond to this lot must be complied with.  
3. Studies of resistance of materials and of terrain resistance should be made, in order to 
ensure the stability of the construction.  
4. Adequate design of the interior space must be made.  
5. Studies of materials, thermal insulation and facilities should be made, in order to comply 
with current regulations and ensure the comfort of cowork users.  
6. Studies of the construction process should be made, including the whole process, from the 
transport and placement of the maritime containers, the interior conditioning, etc.  
7. The cost of this construction must be calculated.  
8. A proposal must be made to adapt the rest of the lot, with gardens and / or urban elements. 
The design must be attractive and in accordance with the innovative spirit of Neàpolis and 
with the new cowok built with seacontainers 
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 Appendix A 
 
Figure 117: Drawing of the simplified triangle of the construction site with its dimensions 
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Appendix B 
These are the data of the rain fall, wind direction and speed, and the sun’s path and positions for 
the study on the climate in Vilanova i la Geltru 
Rain Fall 
 
Figure 118: Graph of average precipitation in Barcelona, Spain [89] 
The bar chart above shows the average precipitation in Barcelona throughout a year.   
Data from the graph: 
 Range of average precipitation: 22mm – 95mm 
 Month with highest precipitation: October with 95mm 
 Average annual precipitation:   6̴75mm 
Wind Direction and Speed 
 
Figure 119: Wind statistic based on observations taken between 12/2010 - 02/2017 daily from 7am 
to 7pm local time [90] 
Unit conversion: 1 kts = 0.514 m/s 2 kts = 1.029 m/s 3 kts = 1.543 m/s 
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Figure 120: Construction site side by side with wind direction distribution [90] 
Sun’s Path and Positions 
Figure 121: Sun’s path during summer solstice (left) and during winter solstice (right) [91] 
The orange line indicates the sunrise while the red line indicates the sunset. 
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Appendix C  
Research details of the solar power.  
It all began when the law on the self-consumption of energy was approved by Spain’s government in 
October 2015 [92]. The following are conditions that has to take into consideration by Neàpolis if the 
photovoltaic (PV) or solar panel system is going to be used in this project:  
1. PV system owner has to pay the same grid fees as non-solar panel user. Keep in mind that 
this is not just for the power that in contract with the electricity company but also for the 
power from the PV system [93]. Also, please note that this grid fees are only applicable if the 
sea container building is going to be connected to the grid and at the same time using the 
solar power. So why choose to be in the grid? This will be discussed later at the end of this 
research.   
2. If the PV system is bigger than 10 kW, another tax called second “sun tax” need to be paid for 
the electricity generated and use from the PV system even though it is off grid. In other 
words, the owner of PV system that is under 10kW will be exempt from paying this second 
“sun tax” [92].  
3. The usage of batteries is allowed but it cannot be used to lower the amount of the tax that 
need to be paid based on the capacity of PV systems [94]. 
4. Any PV systems up to 100 kW is prohibited from selling electricity and required to donate the 
extra electricity generated to the grid for free [92]. 
5. Only systems over 100 kW are allowed to sell the extra electricity produced in the spot 
market5 but the owner must register first [92]. The registration has to made with RIPRE 
(Registro de Instalaciones Productoras en Régimen Especial) [95]. 
6. For PV systems up to 100 kW, the owner of the installation must be the owner of the 
contract with the electricity company [93]. 
7. Community ownership of the PV system whether the system is up to 100kW or over, is 
prohibited [93]. 
8. Permissions need to be obtained before installation takes place. Every grid-connected 
electricity system needs authorization from its electricity supplier and the Spanish 
Government [96]. 
 
                                                          
5 Spot market: where assets are sold for cash and delivered immediately Invalid source specified. 
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If any of these conditions mentioned above is not met, the owner could be subjected to high penalty 
fee of up to 60 million euros [93]. Now, the information about the regulations seem to be clear 
enough but which taxes or fees has to be paid if a PV system is installed on the sea container 
building? 
According to Neàpolis, they normally consume about 560,000 kWh of energy per year. By using this 
value as a reference, a calculation is made to know how much roughly the power of the PV system 
needed. Several assumptions as follow are made to simplify the calculation:  
 The sea container building is assumed to need only one-third of the energy averagely 
consumed by current Neápolis building per year by considering the size of the building and 
also the estimated number of facilities and workers. 
 Average peak sun-hours/day in Barcelona in January which is its coldest month is 2.692 
hours/day [97]. This average peak sun-hour is calculated with a Spanish online application 
called “Calculadora De Horas Solares Pico”. In the application, Barcelona is selected as the 
province, month is set to January as to get the max power output needed from the PV 
system and the inclination of the solar panel is set to 50º. This is the closest value that can be 
set in the application to the actual optimum angle of solar panel for a year-round in 
Barcelona which is at 49º [98].   
 Average efficiency factor of solar panel system is 72% or 0.72 [99]. 
 Calculation: 
560,000 kWh/year ÷ 3 = 186,667.67 kWh/year 
186,667.67 kWh/year ÷ 365 days/year = 511.42 kWh/day 
511.42 kWh/day ÷ 2.69 sun-hours/day = 189.98 kW 
189.98 kW ÷ 0.72 efficiency factor = 263.85 kW 
From the result of the calculation, about 264 kW of PV system is required to fully power up the sea 
container building over the course of a year. Since there is also possibility that Neàpolis want to use 
the solar power to supply electricity to only some part of the building, further calculations are made 
and the results are shown in the table below. 
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Percentage of energy 
consumption generated from 
PV system (%) 
20 % 40 % 60 % 80 % 100 % 
Max capacity of PV system 
required (kW) 
52.77 kW 105.54 kW 158.31 kW 211.08 kW 263.85 kW 
Table 21: Calculation solar power  
By referring to the result above, even to generate 20% of the electricity consumption of the sea 
container building per day, about 53 kW of PV system is needed. Please note that this is the 
maximum capacity required in a year as in the summer, this value could be lower since the average 
peak sun-hour is longer. Thus, if this is the case, Neàpolis has to pay both the grid fees and also the 
second “sun tax”.  
The current exact amount of the sun tax is still uncertain but they appear to be around 9 euros plus 
VAT per kW of the installed power of each panel and about 5 cents per kWh to produce and consume 
it [100]. As for the grid fees, they seem to consist of access toll and the backup toll. Access toll is a toll 
that is corresponding to the supply point for accessing the grid [101] while the backup toll is basically 
a fee that need to be paid for every MWh of electricity produced and self-consumed as a 
contribution to the fixed cost of the grid [102]. It is believed that their rate varies depending on the 
contracted power with the electricity company. 
Back to the question mentioned before, why not just completely going off grid to avoid the grid fees? 
By not relying to the grid at all would significantly increase the initial construction cost because a 
complete PV system is needed to be installed first in order for the sea container building to become 
completely functional. Since Neápolis budget is reported to be quite limited, this probably could be 
an obstacle for them in realizing this project. Besides, off-grid system needs batteries to store the 
generated electricity and over time, these batteries need maintenance and replacement [103]. All of 
these definitely cost a lot of money.  
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Appendix D  
Price calculation foundation 
Prices are with placement and transport included 
Concrete beams under structure (40 cm x 40 cm)  
 
  Total length of the beams: 151,55m 
  Total volume of the beams: 0,4 x 0,4 x 151,55 = 24,248 m3  
  Total price: 95 x 24 = 2 280 eur 
 
 Full plates (electrical water heating room and exhibition room) 
  Water heating room: 2,5 m2 
  Exhibition area: 47,21 m2 
  Total price: 3 843 eur 
 
 Foundation on wells, diameter 80cm – 128eur/m 
  37 x 3m deep = 14 208 eur 
Total costs for the foundation: 20 331 eur 
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Detailed price calculation: sewage 
The prices in the source are estimations. Placing costs and costs for the digging are  excluded. 
+ extra additions for traps and cleanout plugs 
Control point, pvc, d 30cm – 121,9eur/st. 
PVC, d 50mm – 19,3eur/m. – total 138,96eur 
+0: 3,5m (ground length) -> 67,55eur 
+1: 3,7m (ground length) -> 71,41eur 
 
PVC, d 100mm – 32,4eur/m. – total 1 616,76eur 
+0: 34,7m (ground length) -> 1 124,28eur 
+1: 9,4 (ground length) -> 304,56eur 
+0 -> +1:  5,8m (main vent going through the whole structure) -> 187,92eur 
 
+ an additional 800eur for traps, connections and cleanout plugs 
 
Total: 2 678eur 
 
[104] 
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Detailed price calculation: water supply 
Electrical water heating tank (placement costs excluded) 
RHEEM Hybrid Tank – 1 704,21eur 
[105] 
Water service pipes (placement costs excluded) 
  Cold water piping, hetcu – 7,25eur/m – total 428,45eur 
   +0: 23,9m + 3m (height) -> 195eur 
   +1: 32,2m -> 233,45eur 
  Hot water piping, hetcu - 7,25eur/m – total 332,06eur 
   +0: 19,1m + 3m (height) -> 160,23eur 
   +1: 23,7m -> 171,83eur 
  An additional 200eur for connections and valves 
[106] 
Total: 960,5eur 
 
Price calculation: HVAC 
Multi-split  (indoor and outdoor units included, placement costs included) 
Left wing of construction: 8x1 multi-split unit  
8 498eur 
 Right wing of the construction: 5x1 multi-split unit 
  4 898eur 
 
Total: 13 396eur 
[107] 
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Appendix E 
Estimation of wall thickness 
For the final thickness of the walls without the exterior cladding, it could be assumed that there are 
not differ much from an example of a home container project found online [108]. The following are 
the estimated thickness of the walls that are used in the drawing: 
1. Thickness of walls from the interior wall of the container  
A related point to consider is that in this project, the spray polyurethane foam (SPF) 
insulation is going to be installed from the inside. By referring to the diagram above, for both 
part of the walls that either require the SPU insulation or not, the thickness that will be 
added into the drawing is 95.25mm, which is about 3.75inch.  
 
Even though the same amount of thickness is added to each sides of the interior walls, it 
seems that the total thickness for the front and the back of the container are different from 
the side walls. This is because of the way of a container is drawn as shown in Figure X in the 
previous page. The 1.5 inch could be excluded as the interior walls of the container is already 
included in the NX11 drawing.  
5.25𝑖𝑛𝑐ℎ − 1.5 𝑖𝑛𝑐ℎ = 3.75𝑖𝑛𝑐ℎ 𝑜𝑟 𝑎𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦 𝟗𝟓. 𝟐𝟓𝒎𝒎 
 
2. Thickness of additional wall 
The same way of estimation is applied to the additional wall. It will consist of 2.5inch or 
63.5mm metal framing and 2 finishing board on both sides of the frame with either a sound 
blocking insulation inside or not.  
2.5𝑖𝑛𝑐ℎ + 0.5 𝑖𝑛𝑐ℎ + 0.5 = 3.5𝑖𝑛𝑐ℎ 𝑜𝑟 𝑎𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦 𝟖𝟖. 𝟗𝒎𝒎 
 
 
 
Figure 122: Typical interior container wall [108] 
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3. Thickness of curved exterior wall (Steel Framing) 
If a non-loadbearing internal wall that has height greater than 5792mm (total height of the 
sea container building) needs steel studs that have at least 92mm of depth of web [109], 
logically, the thickness of the curved exterior wall should be double or triple that figure. This 
is because of the curved exterior wall probably has to support load far greater than the 
internal wall. Thus, it is estimated that the thickness of the curved exterior wall is to be about 
300mm with insulation and finishing included. Please note that this estimation might be not 
accurate due to lack in knowledge and information about the steel frame structure. 
However, this estimation is needed in order to make the drawing of the floor plans as close 
to the real scale as possible.  
4. Thickness of wall for the spacing left for the elevator installation (Steel Framing) 
The same way of estimation made before is used for this part as it is also planned to be 
constructed with steel frame. Thus, the wall for the spacing left for the elevator installation is 
estimated to be about 100mm.     
 
  
Table 22: Table used to estimate the walls made of steel frame 
structure. [109] 
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Appendix F 
Figure 123: Ground floor plan 
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Figure 124: Kitchen details from the ground floor plan 
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Figure 125: First-floor plan 
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Appendix G 
This appendix is about all of the accessibility requirement applied in the floor plans.  
1. Door opening width and its position 
Note:     
 All of the interior doors opening width in the floor plan is 800mm.   
 The main external sliding door meant for general public used has opening width 
more than 1000mm. 
 All the interior doors except a door in between the cowork space and the hallway in 
the ground floor are placed at least 300mm from the nearest wall. 
 
 
Note:     
 All doors comply with these requirements 
 
 
Figure 127b: Effective clear width of doors and door 
distance from nearest wall [47] 
Figure 127: Minimum effective clear widths of 
doors [47] 
Figure 128: Outward opening doors in a corner [48] 
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2. Doorway without door 
 
Note:    All of the doorways without door have at least 1800mm of opening width. 
3. Elevator waiting area 
 
 
Note: Both elevators in ground and first floor have 1500mm in diameter for their waiting 
area and 800mm of opening width of the door. 
Figure 129: Universal dimensions for crossing (cruce), rotation (giro) and turning (cambio de dirección) 
of wheelchairs [49] 
Figure 131: Accessibility of the elevators [49] 
Figure 131b: Elevator diagram as reference 
to the table above Invalid source specified. 
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4. Toilets  
 
 
 
 
 
 
 
Note: 
 All toilets for disabled people have dimensions of 2162mm x 2162mm 
 All frontal toilets have dimensions of 1174mm x 1500mm 
 
5. Kitchen 
Since Spanish Regulations for the dimensions of the kitchen could not be found, the 
dimensions of the kitchen in the floor plan are followed some recommendation and 
guidelines for the United States instead [110]. It is believed that these guidelines also are 
suitable to be applied in this project as they are also meant to optimize the working 
experience in the kitchen. For this reason, it is recommended that to place the countertop, 
appliances and other kitchen features by referring to the measurements made for the 
kitchen in the floor plan. Below are the guidelines followed in the floor plan:    
 
Figure 133: Example layout of a unisex wheelchair-accessible toilet 
[47] 
Figure 133b: Example layout 
of Frontal Access WC  [48] 
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1. Minimum aisle6 width 
In the floor plan, the aisle width is at minimum which is 1220mm due to limited space in the 
area. However, this distance seems to be enough to allow two workers to work comfortably 
in the opposite areas. In addition to that they could take advantage of the space to perform 
different tasks or dishes at the same time. 
2. Other dimensions  
 
 
 
 
 
 
 
  
 
Only A, B and C measurements are used as a guide since the floor plan is from aerial point of 
view.  
Measurements Recommended In Floor Plan 
A – Customer Seating Area 457.2mm 1054mm 
B – Counter Depth 457.2mm 500mm 
C – Service Traffic Area 914.4mm 1220mm 
Table 23: Measurements dimensions kitchen 
In the floor plan, the dimension for A is 1054mm to allow other people passing through that 
space without any hassle if someone is eating. 
 
 
                                                          
6 Aisle: a long, narrow space between the rows of shelves in a large shopInvalid source specified. 
Figure 134: Minimum kitchen aisle width for two 
workers [110] 
Figure 135: Fixed seating dimensions for kitchen eating bar Invalid source specified. 
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6. Straight Stair 
If a straight stair is going to be used inside the sea container building, there are some aspects 
especially space inside the building that has to be kept in mind.  
The following are how the calculation is made:   
According to Spanish Regulations, there are requirements that have to be met for safety reasons 
and ease of use. 
 
 
 
 
Figure 138: Standard dimensions for 
straight stairs [49] 
Figure 138b: Straight stairs diagram as a reference to the 
table on the left Invalid source specified. 
Figure 136: Dimensions of the straight stair according to 
calculation's result 
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These are the items from the table in the previous page that need to take in account when using the 
stairs online applications: 
Minimum width (Ancho minimo libre): 1200mm 
Height of rise (Altura de contrahuella): 160mm  
Depth of run (Profundidad de huella): 300mm 
The height of the stairs is seemed to be the same as the height of the container used. For example, 
by referring to the dimensions of the container that are used as a guide before, the external height of 
it is 2896mm. Thus, the height of the stairs will be 2896mm as well. This can be proved by a simple 
diagram below in conditions that both containers have the same height and floor height: 
 
The following are the ways how the estimated dimensions of the straight stair are obtained: 
An online application is used to estimate the stair dimensions and it is called “Stair 
Calculator” [111].  In the application, an option “Use One Run” is chosen (refer to Figure 
15 below). Then, the “Total Rise” box is filled with the height of the stair which is 
289.6cm and for the “Run”, 30cm is given as the depth of the run should be 300mm.   
 
 
Assumed 
that these 
two lines are 
the floor 
Height of the 
stairs 
Height of a 
container 
Figure 139: Estimation of stairs height from floor to floor 
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After the “Calculate” button is clicked, many options of result appear on screen and each 
options is depends on the amount of runs of the stairs. Since according to the regulations 
the height of rise required is 160mm, so the correct option should be: 
As a final result, the stair is going to have 5100mm of total run that consists of 17 runs in 
it. 
This result is in recommended measurements not just from the Spanish Regulation but 
also from the guidelines from the website that is believed to increase the safety and 
comfort of usage. Below are the guidelines that are taken directly from the website 
[111]:   
 The run length should be 9 inches (23 cm) or longer for enough foot space. 
 The riser height should be 8.25 inches (21cm) or lower. 
 The nosing protrusion length should be 1.25 inches (3.2 cm) or lower to prevent 
tripping on the nosing. 
 The headroom is recommended to be 6 feet and 8 inches (203 cm) or higher. 
 The stair width is recommended to be 35 inches (89cm) or longer. 
 The height of the handrail, measured from the nose of the tread, is 
recommended to be between 34 and 38 inches (86 to 97 cm). 
 The comfortable size of handrail diameter is between 1.25 and 2.68 inches (3.2 
to 6.8 cm). 
 Doors are normally not allowed to swing over steps. The arc of doors should be 
on the landing or floor completely. 
  
Figure 140: Stair diagram as reference (left). The "Stair Calculator" (right) [111] 
Figure 141: Result from the "Stair Calculator" 
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Appendix H 
 
 
  
Figure 142: Electrical plan for the ground floor 
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Figure 143: Electrical plan for the first floor 
Appendices                      148 
EPS 2017 – FINAL REPORT – SEA CONTAINER BUILDING  
Appendix I 
This appendix is about how the lighting calculation is made in order to get the optimum lighting 
condition for different activities in different areas. 
The table below shows the amount of lux that is suggested to be required for some rooms and areas 
in order to assure safety and comfort during work. These lux7 values are used as guidance in this 
lighting calculation.   
 
As the amount of lights for each area are already known by referring to the electrical plans, a 
calculation is made based on this number and the suggested lux level to obtain the minimum number 
of lumens required for each light bulb to have for each area. After the result is obtained, the light 
bulb or led that has to be bought has to have superior number of lumen than the value in the 
corresponding result.       
 
 
 
                                                          
7 Lux: Lux is a measure of illuminance which basically means it's a measure of how much light there is over a 
given surface area. [112] 
Figure 144: Suggested lux level that are used as guidance. These figures are based on the recommended 
lux levels by CIBSE (Chartered Institute of Building Services Engineers) [157] 
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Formula used [112]: 
Units -  Lux = lx  Lumen = lm    Area = m2 
1 lx = 1 lm/m2 
  Min Lumen needed = 
𝐴𝑟𝑒𝑎 𝑥 𝑆𝑢𝑔𝑔𝑒𝑠𝑡𝑒𝑑 𝐿𝑢𝑥
𝑁𝑜 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡𝑠 𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑
 
Example (For Cowork Space): 
  Min Lumen needed = 
54.12𝑚2 𝑥 500 𝑙𝑥
16
= 1691.25 𝑙𝑚 
- As a conclusion, it is required to buy led lights that could emit more than 1691lm, for 
instance, led lights with 1800lm if led lights with 1700lm could not be found in the 
market. This number of lumen normally is labelled in the light packaging.  
Item 
Estimation 
Area (m2) 
Lux 
Lux x 
Area 
No of lights 
installed 
Min lumen needed for 
a light bulb/led 
Cowork Space 54.12 500 27057.5 16 1691 
Meeting Room + 
Common Room 
50.46 500 25230.0 20 1262 
Hallway 2 26.11 100 2611.0 6 435 
Toilet 1 4.67 250 1167.5 1 1168 
Toilet 2 7.47 250 1867.5 3 623 
Electrical Room 2.27 200 454.0 1 454 
Area in front of 
elevator 
13.78 100 1378.0 3 459 
Makerspace 39.35 500 19673.0 12 1639 
Table 24: The table above is for the ground floor of the sea container building. 
 
  
Item 
Estimation 
Area (m2) 
Lux 
Lux x 
Area 
No of lights 
installed 
Min lumen needed for 
a light bulb/led 
Cowork Space 26.26 500 13130.0 16 821 
Bar 21.04 500 10520.0 8 1315 
Dining Area 33.75 250 8437.5 16 527 
Hallway 12.55 100 1255.0 8 157 
Toilet 1 4.67 250 1167.5 1 1168 
Toilet 2 7.47 250 1867.5 3 623 
Electrical Room 2.27 250 567.5 1 568 
Exhibition Area 2 38.23 300 11469.0 15 765 
Exhibition Area 1 54.44 250 13610.0 10 1361 
Makerspace 54.12 500 27060.0 16 1691 
Entrance 27.87 250 6967.5 16 435 
Table 25: The table above is for the ground floor of the sea container building. 
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Appendix J 
This appendix is about the research of the materials for both internal and external wall insulations 
Table 26 : Materials for Internal Wall Insulation [113] 
Material Pros Cons 
Closed Cell Spray Polyurethane 
Foam (ccSPF) [114] 
 
Figure 145: Interior Spray Foam 
Insulation or Spray Polyurethane 
Foam [115] 
 
 
 The quickest and 
efficient method of 
insulation 
 Could increase 
structural strength 
 Strong water and 
hail resistance 
 Resist pest 
 Provide a seamless 
vapour barrier that 
could prevent 
corrosion and 
formation of mould 
on the surface of 
the container    
 Could absorb sound 
and reduce noise as 
it is excellent air 
barrier [68].                 
 Has the lowest U-
value 
U-value 0.56 𝑊/𝑚2°𝐶8 for 
50mm thickness [64] 
 Expensive compare to 
others 
 Untidy finish that 
probably could worsen 
the appearance  
 Not environmental 
friendly since it might 
contain 
hydrochlorofluorocarbon 
that could damage the 
ozone layer 
 The U-value could 
increase due to increasing 
of its thermal conductivity 
after installation until it 
finally stable 
 
Sheep Wool Insulation 
Figure 146: Wool Insulation in 
Normal Home [116] 
 
 
 Easy to install 
 It requires less 
energy to be 
produced 
 A breathable 
insulator. It could 
prevent internal 
condensation and 
mould growth 
 Eco-friendly 
 Could resist pest, 
fire and mold [117] 
 
U-value of 0.70 𝑊/𝑚2𝐾 for 
50mm thickness [118] 
 
 It requires the installation 
of stud walls first to place 
the insulation in. This will 
add cost to the project. 
 Not an air barrier [119] 
 
                                                          
8 This is the U-Value after the SPF has stabilized. Its initial U-value for the first 9 months for 50mm is about 
0.44𝑊/𝑚2°𝐶 [64] 
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Table 27: Materials for External Wall Insulation 
Material Pros Cons 
Closed Cell Spray Polyurethane 
Foam (CCSPF) [114] 
 
Figure 147: Spray Foam Insulation 
for the Exterior [120] 
 
 
 
 Fast installation 
 Efficient insulating 
material 
 Could increase 
structural strength 
 Strong water and 
hail resistance 
 Resist pest 
 Provide a seamless 
vapour barrier that 
could prevent 
corrosion and 
formation of mould 
on the surface of 
the container    
 Could absorb 
sound and reduce 
noise as it is 
excellent air barrier 
[68].                  
 Has the lowest U-
value. 
 Can be applied to 
the underneath 
surface of the 
container as well to 
secure it from any 
moisture 
 
U-value of 0.56 𝑊/𝑚2°𝐶 9 
for 50mm thickness [64] 
 Expensive compare to 
others 
 Untidy finish that 
probably could worsen 
the appearance  
 Not environmental 
friendly since it contains 
hydrochlorofluorocarbon 
that could damage the 
ozone layer 
 The U-value could 
increase due to 
increasing of its thermal 
conductivity after 
installation until it finally 
stable 
Straw bale [121]  Made of waste 
product 
 Good sound 
insulation 
 Could add aesthetic 
value to the 
building as the 
thickness of the 
wall increase    
 The thick wall could 
 If straw bale building 
codes are not part of 
local codes, it may be a 
bit more work to get the 
plans approved.  
 Areas of extreme 
humidity and rain may 
not be appropriate for 
straw bale construction 
since it needs to be kept 
                                                          
9 This is the U-Value after the SPF has stabilized. Its initial U-value for the first 9 months for 50mm is about 
0.44𝑊/𝑚2°𝐶 [64] 
Figure 148: Straw Bale Building 
[121] 
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 reflect sunlight 
throughout the 
room. 
 The installation 
procedure is easy 
to learn 
 Has a low-
embodied energy.  
 100% 
biodegradable 
 Cheap 
 Good fire 
resistance 
 Could achieve the 
lowest U-value by 
increasing the 
thickness of the 
wall 
450mm thick gives a U 
value of 0.13 𝑊/𝑚2°𝐾  
[121] 
dry as possible  
 Could take a lot of space 
of the construction site. 
Not ideal to use if the 
area of the construction 
site is limited 
 
 
 
Cork [122] 
  
Figure 149: Cork Insulation 
Board 
 
 Has a low 
embodied energy 
 Bio-degradable 
 A breathable 
insulator which 
mean could 
prevent internal 
condensation and 
mould growth 
 Good resilience and 
good thermal and 
acoustic insulation 
performance 
 Good sound 
proofing insulation 
[123]. 
 Stable durable and 
rot-proof. 
 No protective 
equipment 
required to install. 
 Comfortable and 
attractive, can be 
used as flooring or 
wall covering. 
 Has low U-value 
 
 
 Take into account that 
some manufacturers 
may use chemical 
binders. 
 Not an air barrier [119] 
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U-value of 0.55 𝑊/𝑚2𝐾 for 
50mm thickness [119] 
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Appendix K 
Figure 150: Original version of the simplified table of minimum requirements of U-values in Barcelona 
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Appendix L 
Research on different issues 
Name Weblink Type 
Eco 
Vida 
Homes 
https://www.ecovidahomes.com/blog/can-you-build-with-shipping-
containers-in-spain/ 
Blog 
Europag
es 
http://www.europages.co.uk/companies/Spain/Barcelona%20and%20Catalo
nia/containers.html 
Seach 
List 
Amorim http://www.amorimisolamentos.com/en/  Insulati
on 
Asescuv
e 
http://www.asescuve.org  Eco 
friendly 
Table 28: Company list - research different isssues 
Specialized Container building companies 
Company Weblink Locatio
n 
Type 
Container 
Home 
Plans 
http://www.containerhomeplans.org USA Information 
& Blog 
Residenti
al 
Shipping 
Container 
Primer 
(RSCP) 
http://www.residentialshippingcontainerprimer.com/actio
n%20it 
USA & 
UK 
Specialized 
Company & 
Information 
page 
Bens 
Container 
http://www.benscontainers.com/home.html Australi
a 
Container 
Modificatoio
ns 
Rhino http://www.rhinocubed.com/the-cubes/building-process/ USA Container 
Houses 
Storstac http://www.storstac.com/shipping-container-housing/ USA Container 
Houses 
Honomob
o 
http://www.honomobo.com USA Container 
Houses 
Table 29: Company list – specialized container building companies 
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 Purchasing Containers 
Company Weblink Location Container 
Type 
Reteco http://www.reteco.es/reteco.en/index.html  Madrid Refurbished 
Titan 
Containers 
http://titancontainers.com/ES.aspx  Worldwide New 
Remsa http://www.remsa.net/en/used/shipping-
containers 
Valencia Used 
Balat http://www.balat.com/index.aspx Barcelona, 
Tarragona 
Refurbished 
Caru 
Containers 
http://www.carucontainers.com/int  Worldwide New 
Table 30: Company list – Purchasing containers  
Crane/Transport Companies 
Company Weblink Location 
Gruascano http://www.gruascano.com/ Reus, 
Tarragona 
Gruas 
Transportes 
http://www.alquiler-gruas-
transportes.com/es_ES/index.php  
Madrid 
Table 31: Company list – Transportation  
Green Roof Companies 
Company Weblink Location 
Eixverd http://www.eixverd.cat/en/  Barcelona 
Igniagreen http://www.igniagreen.com/en/  Girona 
Verdjardins http://www.verdjardins.com/  Reus 
Table 32: Company list – green roof  
